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About these Operating Instructions

These Operating Instructions apply to the ZetaView® Nanoparticle Tracking Analyzers
PMX-120 (mono-laser instrument), PMX-220 (TWIN) and PMX-420 (QUATT)
controlled with ZetaView® software version 8.05.16_SP2 or later. However, some
functions described in this document only relate to a specific model or equipment
variants. This is noted accordingly.

The software functionality described in this document is also valid for ZetaView® x30
series instruments. The hardware related functions of the ZetaView® x30 series are
not covered in these Operating Instructions.

ZetaView® instruments with an older software version can also be operated using
these Operating Instructions. However, it should be noted that ZetaView® devices with
older software versions may not offer the full range of functions described and
explained in this document.

The screenshots shown in these Operating Instructions may show the graphical user
interface of different ZetaView® software versions. For technical reasons, ZetaView®
instruments with different equipment variants (mono-laser), TWIN and QUATT devices
were used in the design of these Operating Instructions. Some screenshots therefore
do not always show all function buttons or software information. However, each
screenshot shows all the information required for the corresponding chapter.
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1 Fundamental safety instructions
1.1 Obligations, liability

1.1.1 Observe details stated in the Operating Instructions

These Operating Instructions contain important precautions in order to operate the
Particle Metrix ZetaView® Nanoparticle Tracking Analyzer (NTA) instruments models
PMX-120 (mono-laser instrument), PMX-220 (TWIN) and PMX-420 (QUATT) in
compliance with the pertinent safety regulations. Knowledge of and compliance with
these safety precautions and the pertinent safety regulations are basic prerequisites to
ensure a safe and trouble-free operation of the PMX instruments.

Moreover, the pertinent regulations and prerequisites applying to accident prevention
at the place of installation shall be observed.

1.1.2 Obligations of the ZetaView® owner

The guaranteed properties and warranty shall only be applicable, if the following points
are complied with:

e The ZetaView® instrument must be exclusively operated by persons trained by
PARTICLE METRIX GmbH or its representative.

e The ZetaView® instrument may only be used in accordance with the
regulations.

e All specifications defined by PARTICLE METRIX GmbH with regard to handling
the ZetaView® must be observed. This term not only refers to operation, but
also to maintenance and storage of the device.

e Maintenance and repairs may only be carried out by persons authorised
explicitly by PARTICLE METRIX GmbH or its distributor to perform such tasks.

e If any parts of the ZetaView® instrument are replaced by other than original
parts supplied by PARTICLE METRIX GmbH, this shall lead to a direct loss of
all claims which can be raised vis-a-vis PARTICLE METRIX GmbH.

e Safety-relevant disturbances must be eliminated immediately and prior to the
next operation of the ZetaView® instrument.

o |If the ZetaView® instrument reflects any functional disturbances or visible
damages, or if any damage is assumed, e.g. in the event of loose parts within
the instrument, the device shall be put out of operation.

10
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1.1.3 Warranty and liability

The ZetaView® instrument has been manufactured in compliance with the
requirements stipulated in ISO 9001 and CE, tested and shipped in a proper condition
with regard to safety engineering requirements. The owner and user are responsible
for ensuring that all precautions listed in these Operating Instructions and the
regulations applying to the installation site of the equipment are observed. Our
Standard Sales and Delivery Terms which shall be available to the Owner at the latest
at the point of undersigning the purchase agreement shall also be applicable. Warranty
and liability claims shall be excluded in the event of damage to persons or property, if
at least one of the following points is applicable:

e Use of the ZetaView® contrary to the regulations

e Non-authorised intervention into the housing, damage to the sealing on the
housing screws

e Inappropriate installation, operation, maintenance and repair of the ZetaView®
instrument

e Operation of the ZetaView® instrument with defective safety equipment or
featuring damages which may affect safety

e Operation of the ZetaView® instrument without the prescribed or with non-
functional safety installations

e Non-compliance with precautions stated in these Operating Instructions with
regard to operation, storage, transport and maintenance of the ZetaView®
instrument

e Any modification of the equipment is against the delivery conditions

e Damage as a result of intervention by a foreign substance, acts of God or
catastrophes

e Faulty maintenance

If the equipment is sent to PARTICLE METRIX GmbH for repairs, always ensure that
the appropriate measuring Cell assembly is enclosed in the shipment. The warranty
period is 1 year from the date of delivery. PARTICLE METRIX GmbH shall not warrant
under any circumstances for warranty damage exceeding the purchase price of the
equipment. PARTICLE METRIX GmbH is only obliged within the scope of warranty to
replace or repair parts classified as defective within the scope of the examination
performed by PARTICLE METRIX GmbH at its own discretion, if these parts were
returned within the given time schedule. Parts which are modified or damaged as a
result of improper handling without written approval by PARTICLE METRIX GmbH,
shall be exempt from warranty. Furthermore, PARTICLE METRIX shall not assume
any further obligations in connection with selling the ZetaView® instrument.

11
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1.1.4 Exemption from liability

The contents of these Operating Instructions have been verified. It is nevertheless
impossible to exclude deviations to the device or errors. PARTICLE METRIX GmbH
therefore does not assume any warranty for the correctness of the information provided
in these Operating Instructions. If appropriate, modifications will be integrated into a
following version.

1.2 Use according to regulations

The ZetaView® instrument was developed to determine the electrophoretic mobility,
zeta potential and particle size distribution in aqueous solutions. Operation shall only
be permitted in interior rooms. There is no protection against dust and spray water.
Any deviating use or noncompliance with the Operating Instructions shall be deemed
to be a use which is contrary to the agreed terms and shall lead to non-liability on the
part of PARTICLE METRIX GmbH.

1.3 Use contrary to regulations

The following ZetaView® instrument shall be deemed to be use of the equipment
contrary to the regulations (misuse):

e Each and any application deviating from the use of the equipment in accordance
with the above-mentioned terms

e Non-compliance with instructions and safety precautions stated in these
Operating Instructions

e Non-compliance with safety regulations

e Operating the equipment despite safety-relevant disturbances

e Operating the equipment despite functional disorder or visible damage

e Any modification of the equipment as against the delivery status

1.4 Qualification of staff

Persons who have been trained by PARTICLE METRIX GmbH or by an authorized
representative shall exclusively operate the ZetaView® instrument.

12
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1.5 Safety instructions

In handling the ZetaView® instrument, the following points must be observed:

e Only trained staff may put the device into operation or operate the equipment.

e Before performing any repair within the device, ensure that it is disconnected
from the power supply.

e Only original parts supplied by PARTICLE METRIX GmbH may be used for
maintenance or repairs.

e Only trained staff may carry out any maintenance operations, in so far as these
are described in these Operating Instructions.

e PARTICLE METRIX GmbH or a service company, which has been explicitly
authorised to perform such operations, may only execute any maintenance or
repair operations, which are not described in these Operating Instructions.

1.6 Provision of the safety instructions

These Operating Instructions, as well as any regulations applicable at the place of
installation shall be stored in direct vicinity of the equipment and must be observed. If
the documents mentioned become illegible for example due to damage, they must be
replaced.

1.7 Packaging & Transport

In the case the ZetaView® should be transported and installed at alternating locations,
the following must be observed:

For truck, train, sea and air freight or shipment by mail an appropriate sturdy outer
packaging is required.

e If the device temperature after transportation is more than 10°C below the
ambient temperature at the place of installation, it is necessary to ensure that
the device reaches room temperature before putting it into operation.

e For transportation it is necessary to clean the measuring cell and fluid
connectors (both ends) before packing into the extra box.

e Some smaller parts may be packed with the ZetaView®, but have to be properly
wrapped and stowed in a way to avoid shifting around during transport and by
this damaging the ZetaView®

e In order to prevent harm to service personnel, remove all residual fluids from
the fluid containers and the ZetaView®. If the fluids are considered to be
dangerous, e.g. biohazard, the parts in contact with the liquid have to be
sterilized properly and rinsed with sufficient amount of distilled water afterwards

13
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In case of shipping the ZetaView® instrument, eject the Cell assembly and store
it in the designated box to prevent damage to the instrument.

Before shipping, take 3 (or 4, depending on model) M6x25 mm screws and fix
at the bottom of ZetaView® instrument (hand tight). Take a size 5 Allen wrench
to carefully tighten the screws. Do not apply force.

14
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2 Product description

2.1 Basic principles

The Particle Metrix ZetaView® instrument is a Nanoparticle Tracking Analyzer (NTA)
that captures the Brownian motion of each individual particle in a video. Based on the
different diffusion movements of large and small particles in the surrounding liquid, the
hydrodynamic diameter of the particles is determined. The NTA principle is based on
the Stokes-Einstein relationship with which a diffusion coefficient is calculated for each
individual particle.

52
<X, y > _ kBT D = Diffusion coefficient; ks = Boltzmann constant; T = Temperature;
= T - 67'[7’]7" n = Viscosity of medium; < x,3? > = Mean square displacement; r = radius

Dt

Figure 2-1: Stokes-Einstein relationship

In addition to technical nanoparticles, biological nanoparticles such as extracellular
vesicles (EVs), exosomes, viruses, or virus-like particles are a rapidly growing area of
research in the life science and nanomedical field. The rapid in vitro measurement of
multiple physical parameters such as size, concentration, phenotype characteristics,
and surface charge is the special feature of the Particle Metrix ZetaView®. The charge
state of the particle surface (zeta potential) can be measured via the movement of the
particles in an applied electric field (electrophoresis).

Electrophoresis

As the schematics below shows, in a micro-electrophoresis configuration, the particles
in a suspension move within an applied electrical field. Depending on the polarity of
the particles they either move to the anode or cathode. The electrophoretical mobility
of particles reflects the repulsive force of the ionic charge on the surface of particles.
The Smoluchowski equation is one of the formulas relating measured electrophoretic
mobility pe [pm/s/V/cm] to the zeta potential ZP [mV]. Smoluchowski applies for
aqueous media with conductivity < 1 mS/cm and patrticle sizes around 1um.

The zeta potential of a sample is determined in the ZetaView® instrument by
measuring the electrophoretic mobility (Mb) of particle migration in an electric field. The
electrical conductivity of the buffer in which the particles are suspended plays a

decisive role as well. The electrophoretic mobility u, of each individual particle is
calculated via the particle migration v in the applied electric field E. The zeta potential,

that is considered to be the surface charge of each individual particle, is then calculated
using the Helmholtz-Smoluchowski equation.
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He=Electrophoretic mobility; v = Velocity of particle in E-field; E = Electrical field
{ = Zeta potential; n = Viscosity of medium; ¢ = Dielectric constant; f(ka) = Debye function

Figure 2-2: Electrophoretic mobility (left) and Helmholtz-Smoluchowski equation (middle).

To capture the movement of particles in the ZetaView®, a laser scattering microscope
with video camera is used. From the video data a velocity distribution of the particles
is derived. By knowing the electric field strength, the electrophoretic mobility and zeta
potential can be calculated. Laser light is directed into the focal point of a microscope
lens. The intensity of this is collected under 90 degrees. The scattered light intensity is
such, that 50 nm sized polystyrene latex particles or 20 nm gold nanoparticles are still
visible. Upper and lower measurement limits depend on the material being measured,
the upper limit being migration, the lower limit the scattering efficiency of the particles.
The uppermost limit is 50 um (fibers staying suspended).
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Figure 2-3: Left: Electrophoretic setup; Right: basic optical setup of the ZetaView® instrument in
the vertical plane.
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Another cross section in a vertical plane shows the lay-out inside the ZetaView®. The
microscope axis is horizontal and focused into the cell channel. The laser beam is
horizontal in the beginning, then bent into a vertical direction. Both, laser and
microscope focus are brought into coincidence by moving their translation stage
support in forward and backward direction. The laser light curtain serves as illumination
of the focal plane of the microscope. The particles suspended in this laser curtain
scatter light, which can be observed by the microscope at 90 degrees. With this set-up
particle sizes below the diffraction limit of conventional microscopes (1um) can be
observed. This can be compared to the observation of stars. Most of the stars could
not be observed directly.

But as they emit much light, we can see them. However, when there is too much
background from other scattering sources like water vapor, the visibility of the stellar
objects is limited. In a cell channel, background scattering may emanate from dirty cell
walls. In a clean cell situation, the lower size limit is at 50 nm (polystyrene latex
particles). It is important to understand, that laser and microscope can be moved
simultaneously through the cell in the direction of the microscope axis whilst staying in
a coincident autofocus position. This controlled movement is the key for being able to
automatically measure the inner thickness of the cell channel from wall O (near to the
microscope) to the remote inner wall 1. Through this "Zetafocus" mode the competitive
electro-osmosis effect can be kept under control without demanding the operator to do
any alignment.

Simultaneous electro-osmosis and electrophoresis: The negatively charged cell wall
causes an electro-osmosis effect. It occurs, when an electric field is applied causing
the liquid to flow into one direction at the cell walls and into the opposite direction in
the middle of the cell carrying the particles with it. Between the "negative" and the
"positive” flow domains the electro-osmosis velocity is zero. It is therefore
advantageous to measure the electrophoretic mobility at this "stationary layer”. In the
ZetaView® this position is controlled automatically.
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Figure 2-4: Velocity profile inside the cell with applied field. X-axis: 0 = inner wall next to the
microscope objective; 1 = opposite inner wall, Pink curve = uncharged particles carried by
the liquid revealing the plain electro-osmosis effect; Blue curve = charged particles with
electrophoretic mobility of 1.25 um/sec/V/cm. The curve shows the addition of both effects.

With uncharged particles the pure electro-osmosis effect is revealed (purple curve
above). For charged particles the electrophoretic movement adds to electro-osmosis
over the whole profile (blue curve). To researchers the flow profile and its curvature
can provide valuable additional information on the ionic coating of the walls. The
ZetaView® software simply uses the profile for the automatic alignment control.

2.2 Short description of the ZetaView® instrument

The ZetaView® instrument is a Nanoparticle Analyzer that consists of cell unit, laser,
microscope imaging unit with video camera and two motorized carriages, one for the
microscope and one for the illuminating laser. An optional external conductivity and pH
measurement device, mod. pH/cond 340i from WTW, a brand from Xylem analytics,
can be connected to the rear of the instrument via the P1 RS232 interface.

The measurement cell unit consists of a fused silica channel. Wetted surfaces within
the instrument are made of PEEK, stainless steel, Polypropylene, gold and silicone.
The approved pH - range is between 1 and 13. The applied voltage to the electrodes
of the cell is +/- 24 Volt. An external transformer delivers the 24 Volt supply through a
special connector in the back side of the instrument.

For operation, the Cell assembly must be engaged in proper position, otherwise no
measurement is possible. Laser and voltage are switched off for safety reasons.
Conductivities >1mS/cm may cause convection within the cell affecting the
measurement. Through the video camera, convection or any other disturbing effects
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like drifts or bubbles are detected. This "seeing is believing" - principle is a major
advantage over other nanoparticle techniques.
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ZetaView® housing

Laser front cover

Injection port of the cell assembly

Cell assembly

Locking button

Inlet for liquid 1
Inlet for liquid 2

Outlet for waste

Status LED

Microscope objective

Automatic fluorescence filter

11-pin connector

Fluidic ports

Figure 2-5: Description of the front parts of a ZetaView® multilaser instrument with and without

cell assembly attached.
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Five different operating programs are available:

4 video programs:

e Mobility profile measurement (11 positions) to control alignment symmetry and
to calculate mobility and zeta potential.

e '"Stationary" measurement at the 2 stationary layers SL1 and SL2 to determine
high resolution mobility and zeta potential spectra.

e "Single" position measurement of the mobility at one of the pre-determined
positions, for checking purposes.

e "Size" distribution measurement based on the Brownian motion analysis in 11
positions, 2 positions (SL-positions) or in one single position.

Manual acquisition program

e This program allows the user to pick out individual particles to measure their
mobility / zeta potential by start / stop action.

Laser

. Pre--------

Body of measuring cell -----%%

Objective

; P :. .. . o . .‘v.': £ 3 h T B POSition 0'9
Video Camera - |
— Position 0.1 ~==-==== ‘

SL1 = StationaryLayer 1------ : O SL2 = Stationary Layer 2
Position 0 Position 1

Figure 2-6: Sketch of the location of the measuring positions. Laser and microscope optics are
perpendicular to each other and can be moved automatically from position to position.
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The ZetaView® is a reference instrument

All physical parameters are calibrated and obvious by video observation. The
calibration parameters are shown in the calibration menu which is accessible in the
administrator mode. This instrument therefore serves as a reference instrument for
electrophoretic, electro-osmotic and Brownian movement measurements. It can also
be used as an absolute tool for zeta potential determinations, provided that the
formulas used are valid. The various theories for zeta potential calculation depend on
sample circumstances. The Smoluchowski formula is offered here in the ZetaView®.
This formula is valid for aqueous samples with particle size distribution around 1um.

2.3 CFR 21 Part 11

Title 21 CFR Part 11 represents a part of Title 21 of the Code of Federal Regulations.
It defines the regulations of the US Food and Drug Administration (FDA) for electronic
records and electronic signatures. CFR 21 Part 11 defines the criteria for electronic
records and electronic signatures to be considered reliable, trustworthy, and equivalent
to paper records.

The Particle Metrix ZetaView® instrument can be equipped with a CFR 21 Part 11
software package. CFR 21 Part 11 represents an extension to the already installed
ZetaView® software and is available as a separate software package.

For CFR 21 Part 11, a separate user manual is available.
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3 Unpacking and Installation

3.1 Packaging list

uantity escription

0 . D .

1 ZetaView® instrument

1 24 Volt power supply

1 Cell assembly (Z-NTA or NTA, depending on zeta
potential option)

1 Measuring cell

1 Kit with spare parts, tools and cleaning material

1 Bottle kit with 2x 250ml, 1x500ml (zeta potential option)
Bottle kit with 1x250ml (w/o zeta potential option)

1 Alignment suspension (aqueous), ca. 100 nm, for
AutoAlignment and testing, must be diluted 1:250,000

1 Zeta potential standard suspension (if Z-NTA Cell
assembly is provided)

1 Fluorescence standard beads (depending on laser
wavelengths and fluorescence option)

1 Computer (NUC desktop PC or laptop) incl. power
supply

1 Ethernet cable (cross over)

1 Software license from National Instruments

1 Operation Manual with factory test report and 1ISO 9001

certificate
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3.2 Connecting the ZetaView® instrument

The ZetaView® instrument is connected with a laptop or NUC computer according to
the following sketch.

Power Supply ZetaView® Power Supply Computer

Ethernet Cable

Waste Liquid 2| | Liquid 1

500ml 250ml| 250ml

ZetaView® instrument Computer

Figure 3-1: Electrical and fluidic connection of the ZetaView® instrument and computer.

There are 2 bottles (250ml) for liquid 1 and 2 and one big bottle (500ml) for the waste.
The waste bottle (500ml) is equipped with a check valve (one-direction-valve) with a
Luer plug, the bottles for “liquid 1” and “liquid 2” are not equipped with a check valve
but with Luer plugs as well.

For connecting the bottles with the ZetaView® instrument, please screw the plugs into
the threads located at the front of the ZetaView® instrument.

Figure 3-2: Fluidic connectors of the ZetaView® instrument located at the front side.
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Connect the power supply into the “Voltage Supply 24V DC” plug and the ethernet
cable into the “PC” plug.

RS232 interface
Ethernet connector for

instrument communication

Additional Ethernet connector

Plug for 24V DC power supply

2?00

g @
"PARTICLEMETRIX

Power switch

Connector for the external pump

é N T c Identification plate

Figure 3-3: Rear panel and connectors of the ZetaView® instrument.
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3.3 Mounting the fluorescence filter

This section only applies for PMX-120 mono-laser instruments equipped with a manual
fluorescence filter mechanism.

For mounting the fluorescence filter, place the filter into the slot of the base plate that
carries the Cell assembly until it clicks into the first position (underneath the microscope
objective).

Fluorescence
Fliter

Figure 3-4: Mounting the manual fluorescence filter. The filter snaps in by a “click” and remains
under the microscope optics.
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4 Mounting and mechanical handling of the Cell assembly

4.1 Mounting of the Cell assembly

This section applies to the Z-NTA Cell assembly and NTA Cell assembly

For attaching the Cell assembly make sure that the red marking of the round black
knob is in line with the white marking painted on the base plate. For that, pull the knob
downwards, turn it into the red position as indicated below and let the knob release.
The red position is the “unlock” position.

Figure 4-1: Unlock position.

Slide the Cell assembly towards the microscope objective until the Cell assembly
touches the front panel of the machine. Do not apply force.

‘PARTICLEMETRIX

Figure 4-2: Push the Cell assembly carefully using both hands. Do not apply force while pushing it
towards the front of the ZetaView® instrument.
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Here, the Cell assembly has already been slid in, but it is not locked yet. This is
indicated by the red marking on the black knob that is still in line with the white marking
on the base plate.

Figure 4-3: Still unlocked position.

To lock the Cell assembly, change the position of the knob from red to white by pulling
the knob downwards, turning it into the white position and release the knob afterwards.
Both white markings should now be in line with each other.

Figure 4-4: Locked position.
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Now lock the Cell assembly into position by squeezing your thumbs of both hands
carefully against the lower part of the Cell assembly while holding the base plate with
your forefinger and middle finger in the grooves of the base plate as shown below.

ke

Figure 4-5: While locking the Cell assembly (white markings are in line with each other), hold the
base plate at both sides with your fingers.

You should hear a “Click” sound of the knob when the Cell assembly locks into position.
Note that you do not push the Cell assembly into place; you squeeze it with your wrists.

Figure 4-6: The Cell assembly clicks in when locking it on the ZetaView® instrument.
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4.2 Z-NTA Cell assembly and measuring cell

The front and upper side of the Z-NTA Cell assembly consists of the cell carrier, cell
(not visible here) and the injection port for injecting the sample. The injection port is a
check valve (one-direction-valve), that lets the sample pass in one direction. It can
easily be replaced by un-screwing it from the Cell assembly.

Cell assembly

Cell carrier

Figure 4-7: Components of Z-NTA Cell assembly and measuring cell.
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The back side of the Cell assembly consists of the cell carrier, measuring cell (not
visible here) electric connections to the cell, gold pins for the electric connection to the
ZetaView® instrument, fluidic connectors and the serial number.

Electric connection Gold pins for

Cell carrier between electrodes and cell electronic connection

Figure 4-8: Back side of the Z-NTA Cell assembly.
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4.3 Inserting, removing and handling of the measuring cell from the Z-
NTA Cell assembly

The cell is usually mounted in a black or blue colored cell carrier. The cell carrier
features two holes that are located on the left and right side for fixing it by two screws
at the Cell assembly. The following description shows how to remove the cell carrier
from the Cell assembly.

Remove both screws that fix the cell carrier on the Cell assembly by using the Allen
wrench provided in the toolkit.

Figure 4-9: For removing the cell carrier, unscrew the screws on the left and right side.
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After removing the screws hold the protruding parts of the cell carrier with your thumb
and fore finger and pull the cell carrier slowly and evenly upwards out of the Cell
assembly by applying some counter pressure with your middle fingers.

Figure 4-10: Raise the cell carrier (green arrows) by holding the protruding parts (red arrows pointed
upwards) and creating some counter pressure with your middle fingers (red arrows pointed
downwards).

To remove the cell from the cell carrier, open the first bracket slightly with your thumb
or thumb nail and push the top part of the cell slightly out of the bracket by using your
forefinger. Repeat this procedure with the lower bracket of the cell carrier and the lower
part of the cell as shown below.

Figure 4-11: Hold the cell carrier in your left hand and open the upper bracket slightly by using the
thumb of your right hand (1). Push the top part of the cell slightly and carefully out of the
bracket by using your forefinger (2).
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Figure 4-12: Repeat the procedure described above with the lower bracket (3) of the cell carrier and
the lower part of the cell (4).

While re-attaching the cell to the cell carrier, both must be mounted to each other in
one specific orientation. When the cell is mounted on the cell carrier, the serial number
must be visible at the open part of the cell carrier’s right bracket (from this point of view
as shown below).

Figure 4-13: Cell is not incorporated in the cell carrier but in the correct orientation to each other.
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Figure 4-14: Cell and cell carrier are attached to each other. Please note that the cell is attached such
that the serial number is still visible at the open part of the cell carrier’s right bracket.

Re-inserting the cell carrier (including the cell) must be done in one specific orientation
too. Please make sure that the white painting on the cell carrier faces the dot located
on top of the Cell assembly. Please also note that the serial number of the cell fixed in
the cell carrier faces towards the back side of the Cell assembly (see below).

} }

Figure 4-15: Z-NTA Cell assembly shown from the front side. White painting of the cell carrier must
align with the white dot on top of the Cell assembly.
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Figure 4-16: Z-NTA Cell assembly shown from the back side. The serial number of the cell must be
facing towards the back side of the Cell assembly.

4.4 Inserting, removing, and handling of the cell from NTA Cell assembly

The NTA Cell assembly consists of the measuring cell, usually covered by a blue or
red holder and the inlet on the right side and outlet on the left side. Inlet and outlet each
carry a check valve.

Left check valve / outlet

Right check valve / Inlet

Figure 4-17: NTA Cell assembly shown from the upper front side.

The back side of the NTA Cell assembly consists of the measuring cell, gold pins for
the electronic connection to the instrument and the serial number. The blue plastic part
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covers the cell and features an aperture for the laser and a small window for the
microscope.

Aperture for the laser

Gold pins for
Serial Number of Cell Assembly  electronic connection

Figure 4-18: NTA Cell assembly shown from the upper rear side.

Usually it is not required to remove the cell from the NTA Cell assembly. Even for
cleaning purposes the cell can usually remain attached to the Cell assembly. However,
in the unlikely situations that the cell needs to be replaced for some reason (e.g. for
thorough inspections) it can be easily removed from the Cell assembly. The procedure
of how to remove the cell from the Cell assembly is described below.

Remove this screw by using the wrench provided in the toolkit

Figure 4-19: NTA-Cell assembly shown from the back side. The red arrow indicates the screw that
must be removed in case you need to remove the cell, for example for cleaning or inspection.
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Figure 4-20: NTA Cell assembly shown from the back side. The cell has been removed.
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5 Start-up routine

The daily start-up routine must always be carried out when the ZetaView® device is
switched on and / or after the Cell assembly has been mounted on the instrument again
(for example after cleaning the cell). The daily start-up routine has 3 main tasks:

1.

The fluidic system inside the ZetaView® and the measuring cell are filled with water
in order to help avoid disturbing air bubbles for subsequent measurements.

It serves to focus the detection optics on the particles. This is guaranteed by the
implemented auto alignment function which is optimized for 100 nm polystyrene
(PS) standard beads ("alignment suspension™).

Ensures symmetry of the measuring cell with respect to the x-axis by measuring
the electrophoretic mobility of the particles in the alignment suspension in all 11
positions. Any asymmetry will be corrected immediately after this test
measurement.

Please note: Since an NTA Cell assembly does not provide zeta potential capability, a
symmetry routine will not be performed if the instrument is equipped with an NTA Cell
assembly.

The following procedure describes how to perform the daily start-up routine:

1.

Turn on the ZetaView® machine.

ON/OFF

Turn on the computer and enter the password of the computer.

Start the ZetaView® software by double clicking the ZetaView® icon on the
desktop.

b

&

LetaVIEW
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4. If the ZetaView® instrument is equipped with an automatic changer for
fluorescence filters (PMX-220 TWIN and PMX-420 QUATT), you can hear the
noise of the mechanism when the changer moves to the first and to the last filter
position. After that, the ZetaView® initializes, which is visualized by the progress
bar at the lower right of the software interface as well as in the window that normally
shows the measuring positions. While this procedure is in progress, laser and
microscope move along their precision sliding system until they recognize the
electronic end-switches.

By default, only the 405 nm laser is shown during initialization, regardless of
whether this laser is available, or how many lasers are installed in the device. After
initialization, all available lasers are shown in the software.

File Help
‘ Cell Check | Measurementl Analysis ]

I Remove Cell Assembly l J Cell Connected

r—Cell Definition

Elo]2]2]

—Step 1: Cell Quality

Cell Quality Result

—Step2: AutoAlignment (Focus & Profile Symmetry)

After Power Up & Particles visible,
after Cell Change not blurred

——Number of Partides

Scattering No. of Detected
Intensity  Particles

72- 1000=
100=
10+
0- 1-
0.0 0

Dilution

g1

Concentration: Partides [ mi:
Measured 0.00E+0

0.00E+0

Original
Calculated

Temperature pH  Conductivity Initialize ...

degC musSfcm =

Figure 5-1: Initialization of the ZetaView® instrument can be observed by the progress bar at the
lower right and the window that normally shows the measuring positions.
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5. After initialization, select the appropriate pump for rinsing the fluidic system of the
ZetaView® with water. The corresponding water reservoir should be filled with
particle-free water such as milliQ-water or similar to avoid excessive number of
particles during the Cell Quality Check.

File Help

[ Remove Cell Assembly ) Cell Connected

—Cell Definition

~——Step 1: Cell Quality
2 Cell Quality Result

Very Good
Sensitivity
~—Step2: AutoAlignment (Focus & Profile Symmetry) 100-
After Power Up & Particles visible, :
after Cell Change not blurred 0-
;
—Number of Partides g80.0

Scattering No,
Intensity  Par

Select the appropriate pump, dick <Rinse> and wait until the rinsing has completed (approximately 60 seconds).
v
4.5 i

2 « »
g1 .

30- b|
I Please check the fill level of the water reservoir,

U
Concentration: Partides / ml:
Measured 0.00E+0

0.00E+0

Original
Calculated

Temperature pH Conductivity
27.6 degC 124 muS/cm

Figure 5-2: Message for rinsing the measuring cell by selecting the appropriate pump.
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6. While rinsing, it is recommended to inject 10-20 ml of water into the injection port
located in front of the instrument using an appropriate syringe. This is important
because the “dead volume” between injection port and measuring cell should also
be filled with water in order to avoid air bubbles.

File Help

Remove Cell Assembly

r—Cell Definition

—Step 1: Cell Quality

Cell Quality Result
Very Good

After Power Up &
after Cell Change

~—Step2: AutoAlignment (Focus & Profile Symmetry)

Particles visible,
not blurred

Number of Partides

I

Temperature pH  Conductivity
27.6 degC 124 muS/cm

) Cell Connected

Sensitivity
100-

o=
t180.0
v

Scattering No. of Detected
Intensity  Particles P

30- 1000=
100'; The instrument is being rinsed. Please wait.
—_—
0- 1-
0.5 0

Dilution
91

Concentration: Partides / ml:
Measured  0.00E+0

0.00E+0

Original
Calculated

Figure 5-3: The instrument is being rinsed. To remove air bubbles between the injection port and the
measuring cell, it is recommended to inject water from the front as well while rinsing the
instrument.
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7. After rinsing the instrument, the Cell Quality Check can be performed. Since the
system is already filled with water, the Cell Quality Check can be confirmed by

clicking “OK”.

100%

Remove Cell Assembly J) Cell Connected

Fluorescence Filter

r—Cell Definition B
Scatter (None) == ‘
Laser
405 488 520 640
—Step 1: Cell Quality
Cell Quality Result
Very Good
Sensitivity
~—Step2: AutoAlignment (Focus & Profile Symmetry) 100~
After Power Up & Particles visible, :
after Cell Change not blurred 0-
Number of Partides ',] 80.0
Scattering No. of Detected
Intensity  Particles

30- 1000
100=
10=

0- i=
0.6 0
Dilution
1‘; 1
Concentration: Partides / ml:

Measured  0.00E+0

0.00E+0

Original
Calculated

Temperature pH Conductivity
27.3 degC 124 muS/cm

@ 1. Cell Quality Check

The cell has been rinsed with destilled water.

Click <OK> to proceed.

Click <Cancel> to abort this operation.

Cancel

Figure 5-4: Once the instrument and the cell is filled with water, the Cell Quality Check can be

executed.
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8. Cell Quality Check in progress

File Help
o ez
Remove Cell Assembly ) Cell Connected i
Fluorescence Filter
r—Cell Definition
Scatter (None) 5= l m
Laser
405 488 520 640 .
—Step 1: Cell Quality @
Cell Quality Result
Very Good
ensitivity
~—Step2: AutoAlignment (Focus & Profile Symmetry) — 100-
After Power Up & Particles visible, S
after Cell Change not blurred 0-
-
——Number of Partides ges.1
Scattering Mo. of Detected
Intensity  Particles
30- 1000 =
100%
0=
0- 1=
0.0 0
Dilution 4
¥ - »
gt L
Concentration: Partices /ml:
Measured  0.00E-+0
0.00EH
Original
Calculated
Temperature pH Conductivity Cell Quality Check in Progress

B o B ot e

Figure 5-5: Cell Quality Check can be stopped any time if necessary.
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9. After Cell Quality Check has passed successfully, the Autoalignment function is
started by showing the message “Please fill the cell with 100 nm alignment
suspension (dilution 1:250,000)". It is highly recommended to inject freshly
prepared 100 nm standard beads (ref. section 5.1). For more information about the
AutoAlignment please refer to section 5.2.

File Help

Remove Cell Assembly J Cell Connected
Fluorescence Filter

Scatter (None) 55— l E
Laser
4

—Cell Definition

405 488 520 &40

—Step 1: Cell Quality
Cell Quality Result

Very Good
Sensitivity
—Step2: AutoAlignment (Focus & Profile Symmetry) 100 -
After Power Up & Particles visible, S
after Cell Change not blurred 0-
N
(—Number of Partides i c5.0

Scattering No. of Detected
Intensity  Partides @ 2 Autoalignment %

o] cone

30- 1000=
IUU% Please fill the cell with 100 nm alignment suspension (dilution 250000).
10+
0= 1 =
0.0 0

Dilution

Ji1

Concentration: Particles / mi:
Measured  0.00E+0

0.00E+0

Original
Calaulated

Autoalignment

7 2 msn S

Temperature pH Conductivity

Figure 5-6: For subsequent AutoAlignment, 100 nm alignment suspension must be injected.
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10. Please inject at least 2 ml alignment suspension (for preparation of alignment
suspension see section 5.1) and click OK. Please avoid generating air bubbles

during injection (ref. section 5.2).

File Help
M
Remove Cell Assembly ) Cell Connected
Fluorescence Filter
r—Cell Definition
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Figure 5-7:Autoalignment in progress, indicated by the progress bar in the lower right.
AutoAlignment can be stopped at any time if required.
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11. The ZetaView® instrument performs focus optimization

File Help
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Figure 5-8: Focus Optimization in progress indicated by the progress bar in the lower right. Focus
Optimization can be stopped at any time if required.
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12. When a Z-NTA Cell assembly is used on the instrument, a profile symmetry routine
is performed which results in establishment of a parabola. The parabola shows up
automatically in the “Analysis” tab and indicates the cleanliness and symmetry of
the measuring cell.
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Figure 5-9: Parabola indicating cleanliness and symmetry of the measuring cell.
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Figure 5-10: The start-up routine successfully ends
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Microscope is now ready for experiments”.

with the message “The ZetaVIEW Video
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5.1 Preparation of the polystyrene (PS) 100 nm alignment suspension

Requirements:

e Appropriate beakers, tubes or vials

e Appropriate pipets (e.g. 1-10 pl and 20-200 pl or 100-1000 pl pipets)
e Particle-free water

e 100 nm polystyrene standard

e 0.2 um syringe filter if necessary

To prepare the alignment suspension, two consecutive dilution steps are

recommended.

1. Recommendation for preparation of dilution 1: Add 10 pl of 200 nm
polystyrene beads to 10 ml of particle-free water. This yields to a 1:1,000
dilution.

The shelf life of the solution is about 2-3 days when stored at 4°C.

2. Recommendation for preparation of dilution 2: Add 80 pl of dilution 1 to 20 ml
of particle-free water. Scale up or down if necessary. This results in a
1:250,000 alignment suspension.

This suspension is stable for around 30-60 minutes, before it starts to
agglomerate.
For the AutoAlignment script it is therefore highly recommended to prepare a

fresh dilution of 2.
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Preparation of dilution 1

10ul of 100nm
Polystyrene Beads

N

-

10ml particle-free water Alignment suspension 1:1000 diluted

Preparation of dilution 2

AN

80ul of dilution 1

V¥ - U

20ml particle-free water Alignment suspension 1:250.000 diluted

Figure 5-11: Recommendation of a pipetting scheme for the preparation of the alignment suspension.
The 1:250,000 alignment suspension (dilution 2) is required for the daily start-up routine.
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5.2 How to inject without introducing air bubbles

Please avoidinjecting your sample in this way because you might create air bubbles!

Frontof the cell assembly Syringefilled with liquid (water, sample, etc.)

el——

Liquid is notin line with opening of the check valve

CheckValve

Front of the cell assembly

CheckValve

Here you might generate an air bubble that may affect your measurement

Try to inject your sample in this way, here you are not creating air bubbles!

Let a small drop come out of the syringe
1.
Frontof the cell assembly
Check Valve Let the drop touch the liquid inside the check valve by carefully pressing the piston of the syringe
2
No air bubble
Frontof the cell assembly
CheckValve
3.

The procedure described here applies not only to the PS 100 nm alignment
suspension, but also whenever samples are injected and measured. In this way, air

bubbles in the system can be largely avoided.
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6 Graphical user interface and general software operation

The graphical user interface (GUI) of the software is divided into 4 main parts. These
main parts comprise the tabs “Cell Check”, “Pump & Temp”, “Measurement” and
“Analysis”. The first three mentioned tabs (Cell Check, Pump & Temp, Measurement)
always differ in the left part of the graphical user interface, whereas the right part is
always identical. The Analysis menu, on the other hand, has a completely different
layout.

6.1 Common layout of the tabs “Cell Check”, "Pump&Temp” and
“*Measurement”

The right part of the tabs “Cell Check”, “Pump & Temp”, “Measurement”, is always
identical, and described below.
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Table 6.1: Description of parameters and functions that are common in the “Cell
Check” tab, “Pump&Temp” tab and “Measurement” tab.

Number

Function

Remarks

1

Zooms the live view in

Provides a zoomed image
of the live view. Since it is a
digital zoom the function is
of limited use.

Zooms the live view out

Provides a zoomed-out
image. Since it is a digital
zoom the function is of
limited use.

Resets the zoom to normal (100%)

100% represents the default
value.

Enlarge live view window

Generates a separate
window with a larger size.

Live view of the particles

The live view shows the
scattered light of every
particle in the field of view in
the current measurement
position.

Checks the speed of movement of the particles
in X-direction and Y-direction

Too much drift results in
incorrect measurements.

Maximum Area

You can adjust the
maximum number of pixels
a particle must contain for
being included in the
analysis.

Minimum Area

You can adjust the minimum
number of pixels a particle
must contain for being
included in the analysis.

Switches between digital and analog view

Helps to find particles that
are not visible by eye in the
analog view, however, the
camera detects them. The
digital view shows what the
system will track with
current settings.

10

Minimum Brightness

Considers the adjusted
minimum digital grey-value
(brightness) of each particle.

11

Automatic Brightness

Selects automatic
brightness threshold. This
function is recommended for
particles larger than 200 nm
showing high scattering
intensity.

12

Calculated particle concentration considering the
dilution factor

Indicates the real particle
concentration if a dilution
factor has been entered

before the measurement.
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Number

Function

Remarks

13

Live read-out of the particle concentration

Indicates the measured
particle concentration
without considering the
dilution factor.

14

Field for entering the dilution factor of the sample

If a diluted sample is
measured, the dilution factor
corrects the particle
concentration result.

15

Shows the current number of the particles
detected in the live view. The optimum range is
between 50 and 200 particles.

Number of detected
particles is affected by pre-
and post-acquisition
parameters.

16

Scattering intensity of the particles in the live
view

Shows the scattering
intensity of the particles in
arbitrary units in the field of
view. Scattering intensity
should stay in the green
range.

17

Shutter of the camera

Adjust the duration of the
exposure time of the
camera. The indicated value
is reciprocal in seconds (e.g.
1/70 sec). High values
mean short exposure time,
low values represent longer
exposure times. The shutter
is a pre-acquisition
parameter.

18

Sensitivity of the camera sensor. Depending on
the scattering behavior of the sample the
sensitivity should be adjusted accordingly

The sensitivity directly
affects the detected number
of the particles. The
sensitivity is a pre-
acquisition parameter.

19

Shows the measuring position during
measurement; Change position manually

Provides you with
information about the
current measurement
position. Via drop down
menu you can choose and
change the measurement
position.

20

Gives access to camera controls such as gain,
width and height of field of view, laser timing,
synchronization with the laser and frame rate

Except frame rate no other
parameters should be
changed if you are not
asked for that (e.g. during
trouble shooting).
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Number | Function Remarks
21 Buttons for switching between the laser Buttons may differ
wavelengths and turning the lasers on and off dependent on numbers and

wavelengths of the lasers
built into the ZetaView®

instrument.
22 Drop down menu for switching between the If the ZetaView® instrument
scatter mode and fluorescence mode is not equipped with

fluorescence option, no
buttons are available here.
23 Status LED for cell connection Indicates that the measuring
cell is connected and
detected.

6.1.1 Sensitivity

The sensitivity of the camera sensor can be changed and adjusted on the blue
sensitivity bar that is accessible in the tabs “Cell check”, “Pump&Temp” and
“‘Measurement”.

Sensitivity
100 -

B D_
1) 55.0

The sensitivity values can be adjusted in three different ways:

1. By entering the desired value in the window

2. By clicking on the arrows located on the left side of the sensitivity value up and
down

3. By moving the blue bar up and down with the mouse

The sensitivity setting ranges from 0 to 100 and is given in arbitrary units. In terms of
operation, the sensitivity of the camera sensor in the ZetaView® instrument is
comparable to the sensitivity setting of a camera used in digital photography (ISO
value).

Sensitivity must be adjusted accordingly, depending on the scattered light of the
particles in the sample and their refractive index. It is true that very small particles (20-
60 nm) and those which have a low refractive index require a higher sensitivity setting
than particles which are very large (300-1000 nm) and/or have a high refractive index.
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Note that the number of detected particles in the field of view is associated with the
sensitivity setting of the camera. This means that as the sensitivity increases, so does
the number of particles detected in each sample. This can be seen in the field of view
as well as on the bar "No. of Detected Particles” (ref. sections 6.1.3 and 6.1.4).

The following figure shows the same sample observed with three different sensitivity
settings. In the field of view and in the bar "No. of Detected Particles "different numbers
of particles can be recognized.

) Cel Connected
Fluorescence Filter
Scatter (None) %= {

Position
<=l

Sensitivity Shuttev

100~ | |

J 55.0

S:antvlng No. of Detected
Intensity  Partides

- woo;l
100
10+

0- 1-

1.2 91
Dilution

£J 100000

o Cell Connected
Fluorescence Fiter
Scatter (None) %
Laser

%05 488 s20 640 | ||

Position
os (=l

Sensitivity Shutter

x00¢| zoooiI
0- 17-

5‘) 70.0 ) 100

Scattering No. of Detected
Intensity  Partides

- 1000~ i
I 100+

) Cell Connected
Fluorescence Filter
Scatter (None) 3
Laser

405 488 520 640 ||
Position

Sensitivity smna

100| I

1 80.0 J 100

Scattering No. ofouened
lntmtv Partides

I 1000= I

156
Diution
£J 100000

Figure 6-1: Dependence of the “Number of Detected Particles” on the sensitivity setting.
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Depending on the sensitivity setting, a different number of particles will be detected.
Basically, as the sensitivity increases, so does the number of particles detected. At the
same time, the particles appear larger and slightly blurry when the sensitivity is
increased. This is because the scattered light of the particles appears brighter due to
the fact that the camera sensor can catch more scattered light.

This is also reflected in the "Scattering Intensity” bar. The sensitivity of a given sample
in the ZetaView® should always be adjusted so that the “Scattering Intensity” bar is in
the optimal green range, or just turning orange (below a value of 8, ref. section 6.1.3
and 6.1.4). When the scattering intensity bar is red, many of the counted particles are
actually noise. This can be seen by toggling the analog/digital button. The maximum
number of particles allowed in each viewing area is determined by the max track radius
squared parameter.

It should be noted that the ZetaView® device is a camera-based device, which means
that it (like digital photography) detects different numbers of particles depending on the
sensitivity settings. In order to be able to compare all samples within a test series, they
must be measured with the same sensitivity settings. This also applies to the camera
shutter (see section 6.1.2).
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6.1.2 Shutter

The shutter of the ZetaView® camera allows light to pass for a determined period,
exposing the photosensitive digital sensor to light in order to capture a permanent
image of the scene. The shutter features variable speed and is used to control the
exposure time of the movie.

The shutter value can be adjusted manually from 32 to 2000.

The shutter can be changed and adjusted on the blue shutter bar that is accessible in
the tabs “Cell Check”, “Pump&Temp” and “Measurement”.

Shutter
2000 -

32-

.‘-) 100

The shutter values can be adjusted in three different ways:

1. By entering the desired value in the window

2. By clicking on the arrows located on the left side of the shutter value up and
down

3. By moving the blue bar up and down with the mouse

The set shutter value corresponds to the reciprocal of one second. For example, a
shutter value of 50 thus corresponds to an exposure time of 1/50 second. In
comparison to that, a shutter value of 400 indicates an exposure time at 1/400 second
and is therefore much shorter.

Like the sensitivity (see section 6.1.1), the setting of the shutter affects the number of
particles in the field of view, but to a much lesser extent.

The following figure shows an example of how the “No. of Detected Particles” and the

scattering intensity of the shutter values (50-400) append at a laser wavelength of
640 nm. However, it applies for other wavelengths available for the ZetaView®.
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Figure 6-2:Changes of the “Scattering Intensity” and the “No. of Detected particles” depending on
different shutter values.

The figure above shows that the number of particles detected, and the scattering
intensity depend on the shutter value. The larger the shutter value, the smaller and
darker the particles appear in the live view. This is also reflected in the “Scattering
Intensity” bar and is due to the fact that less scattered light falls on the camera sensor
due to a shorter exposure time. At the same time, due to the short exposure times,
small particles are no longer detected in the live view, with the result that the number
of particles detected decreases at high shutter values.

The optimum setting of the shultter is to keep the scattering intensity of the particles at
a level in the green range. This is particularly important if the particles in a sample

requires high sensitivity or if a whole set of samples is to be measured and the samples
are to be compared.
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6.1.3 No. of detected Particles

The information bar "No. of Detected Particles” displays the current number of particles
in the field of view in the selected measurement position. Since the particles move due
to the Brownian motion and particles move out of or into the field of view of the camera,
the number fluctuates constantly. The number of detected particles is marked with a
color code that matches that of the function “Number of Particles vs. Sensitivity" (see
section 6.2.4).

MNo. of Detected No. of Detected Ma. of Detected Mo. of Detected
Particles Partides Partices Particles
1000 = 1000 = 1000 gy 1000 =
100- I 100+ 100+ 100+
10+ » 10+ » 10= » 10+
1- 1- 1- 1-
39 160 306 41
1-49 50-200 201-400 >400
particles particles particles particles

Figure 6-3: Color code and corresponding particle numbers.

The optimal number of particles for a robust statistic measurement should be between
50 and 200 particles. The upper orange area represents a particle count of 201-400,
in which a reliable measurement also works. With more than 400 patrticles the red area
starts. If you start a measurement with this number of particles, the instrument will allow
this, but it is not recommended. The reason for this is that too many particles can
interact with each other in the field of view and cover each other, which can lead to
incorrect measurement results. Therefore, a dilution of the sample or a reduction of
sensitivity (see section 6.1.1) is recommended.
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6.1.4 Interplay of Sensitivity, Shutter, Scattering Intensity and No. of Detected
Particles

The parameters “Sensitivity”, “Shutter”, “Scattering Intensity” and “No. of Detected
Particles” are directly related. On the device side, the sensitivity and shutter can be
actively changed. No. of detected particles can be changed by the operator by
modifying the concentration of the particles in the sample. Only the “Scattering
Intensity” is detected by the ZetaView® and cannot be changed directly on the device.

Changing the sensitivity:

If a sample is present in the measuring cell of the ZetaView® and the sensitivity of the
camera sensor is changed with otherwise constant parameters, the scattering intensity
of the particles in the field of view and the “No. of detected particles” changes.

Increasing the sensitivity leads to the camera sensor being more sensitive to the
scattered light of the particles. As a result, the scattering intensity detected by the
device increases and in the field of view each individual particle is displayed brighter
and larger. At the same time, increasing the sensitivity causes an increase in the
number of particles detected.

The reason is that particles that show low scattered light behavior (e.g. particles are
quite dark and were not visible before increasing the sensitivity), can only be detected
by increasing the sensitivity. This mainly affects small particles. Therefore, it is
important to increase the sensitivity so that even smaller particles can be detected in
the sample.

If the sensitivity is lowered, the camera sensor detects less scattered light of the
particles in the sample. As a result, the scattering intensity of the particles as well as
the number of particles in the field of view are lowered. In addition, the particles appear
smaller due to the smaller volume of scattered light. A low sensitivity is therefore
associated with a low number of particles, regardless of whether there are many
particles in the measuring cell of the ZetaView® instrument.

Scattering No, of Detected Scattering No. of Detected
Sensitivity Intensity Particles Sensitivity Intenmt\r Particles
100 - 29- 1000 = 100 - 1000 =
l[J[J = 100 =
=) » __ J
0- =
.)SUU 15.5 ) 55.0 e
Increasing the sensitivity results in higher scattering Decreasing the sensitivity results in lower scattering
intensity and larger No. of Detected Particles intensity and lower No. of Detected Particles

Figure 6-4: Dependence of “No. of detected Particles” and “Scattering Intensity” on high and
low sensitivity.
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Changing the shutter:

If a sample is located in the measuring cell of the ZetaView® and the shutter is then
changed with otherwise constant parameters, the scattering intensity of the particles
in the field of view and the “No. of detected particles” changes.

Increasing the shutter value causes the exposure time at the camera sensor to be
shortened. As a result, the scattering intensity detected by the device decreases and
in the field of view each individual particle is displayed darker and smaller.

At the same time, increasing the shutter value causes a decrease in the number of
detected particles. However, this decrease is far less significant than lowering the
sensitivity. The reason for the decreased number of detected particles at high shutter
values is short exposure time, resulting in less light scattered light on the camera
sensor.

Small particles, that already show weaker scattering intensity, are then no longer
detected. Therefore, it is important to adjust the shutter value in a way, that even
smaller particles in the sample can be detected.

If the shutter value is lowered, the exposure time is longer, and the camera sensor can
detect more scattered light from the particles in the sample. As a result, the scattering
intensity of the particles, as well as the number of particles in the field of view increases.
In addition, the particles appear larger due to the higher volume of scattered light. A
low shutter value is therefore associated with a higher number of particles.

Shutter Scattering No. of Detected Scattering Mo. of Detected
Intensity Partides Shutter Intensity Partices
2000 - 25- 1000< 2000- 29- 1000 gy
l I l 100 = ' I ' 100 =

32- 32°

) 400 1.6 180 ) 70 5.8 306
Increasing the shutter results in lower scattering Decreasing the shutter results in higher scattering
intensity and lower No. of Detected Particles intensity and higher No. of Detected Particles

Figure 6-5: Dependence of “No. of detected Particles” and “Scattering Intensity” on high and
low shutter value.
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The following figure illustrates the dependence of scattering intensity and “No. of
Detected Particles” on various sensitivities and shutter values by showing a matrix of
images.
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Figure 6-6: “Scattering Intensity” and “No. of Detected Particles” are dependent on sensitivity
and shutter settings.

With increasing sensitivity and low shutter value, the “Scattering intensity” and the
“‘Number of detected particles” increase. By lowering the sensitivity and increasing the
shutter value, the “Scattering Intensity” and the “Number of Detected Particles” get
lower.
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Change in the concentration of the particles:

If the camera parameters remain the same, the scattering intensity of the particles in
the field of view changes depending on the number of particles detected. A high
concentration of particles (high “No. of Detected Particles”) in the sample thus leads to
a higher scattering intensity than a low concentration of particles of the same sample
with constant camera parameters.

It is therefore recommended to adjust the concentration of the particles in the sample
set of a series of measurements by dilution or by increasing the particle concentration
in the sample (if possible) so that all samples can be measured with a specified
sensitivity. Only then is it possible to directly compare all samples after the
measurement.

Changing the Scattering Intensity:

Changing the Scattering Intensity is an indirect process that results from changing the
camera's sensitivity, the shutter value, and / or the concentration and size variance of
the particles in the sample. It can therefore not be actively set by the user on the device
itself.

64



{PARTICLE
METRIX
Graphical user interface and general software operation

6.1.5 Dilution, dilution factor and concentration

As already mentioned, the ZetaView® instrument is very sensitive for low particle
concentrations. A minimum particle concentration of 5x10® x cm?3 can thus be
measured reliably. Therefore, in most cases, depending on the origin and the type of
purification of the particles and the size of the particles, the sample must often be
diluted prior the measurement.

As a rule of thumb, assuming the same mass concentrations, the smaller the particles,
the larger the dilution required.

The ZetaView® instrument has a window in which the dilution factor of the sample can
be entered. For a 100 nm polystyrene alignment suspension, the dilution factor is
typically 1:250,000.

In the "Measured" window, the currently measured particle concentration in
"Particles / ml" is displayed live in the sample, regardless of whether a dilution factor
was entered or not. The measured number of the particles in the field of view is
indicated on the display “No. of Detected Particles”.

Scattering Mo, of Detected
Intensity  Partides

29- 1000 =
100=
0=
0- 1-
0.9 160
Dilution
‘,DJ 100000

Concentration: Partides [ ml:
Measured 7.496E47

7.96E+12

Qriginal
Calculated

Figure 6-7: The measured (""Measured") concentration of the particles is directly linked with the
display ""No. of Detected Particles”. It is not influenced by the dilution factor.

The number of particles in the field of view is therefore converted into the particle
concentration, considering internally adjusted concentration calibration factors.
Because the particles move due to the Brownian motion and some particles move out
of or into the field of view of the camera, the concentration and the “No. of Detected
Particles” fluctuates constantly.
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If a dilution factor has been entered, the "Original Calculated" window shows the
original concentration of the particles in the sample from which the diluted sample
derives. If no dilution factor is entered, this corresponds to the value 1 and the "Original
Calculated" window shows the same value as in the "Measured" field.

Dilution factor, measured concentration and the calculated original concentration are
displayed in the pdf report (ref. section 7.3).

It should be noted that the dilution factor can no longer be changed after a
measurement.
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6.1.6 Post-Acquisition parameters

The post-acquisition parameters are digital filters applied to images. The camera
produces a grey scale image. By clicking on the button “Digital/Analog View” either the
grey scale image (analog view) or the black and white image (digital view) is shown.
For better contrast, the particles in the digital image are colored in red. Parameters are
optimum if the background is perfectly black with no noise visible. Use the
“Digital/Analog View” button to toggle between analog and digital view.

The digital view directly visualizes the result of the post-acquisition parameter settings.
All particles visible in the digital view are picked up for analysis.

For comparison, digital and analog view from the same image are shown in the figure
below.

100% 100%

- | » - »

Postacquisition Parameters —Particle Driftat0 v Postacquisition Parameters —Particle Driftat0 vV

Max Area iiJ 1000 Check Partide Drift : Max Area %1l 1000 Check Particle Drift :
¢ atov ¥ atov

Min Bright. ¢} 30  Min Area ¢} 20 Min Bright. f—} 30  Min Area i:l 20

= Last: ' «No Check>
L T e

Last: <o Check>

Figure 6-8: Analog and Digital View.

The outcome of the digital view is directly influenced by the post-acquisition parameters
(“Minimum Brightness”, “Max Area”, “Min Area”) while the analog image is determined
by the pre-acquisition parameters (“sensitivity” and “shutter”). This is an enormous
advantage as the user directly sees in a live image what will be fed into the algorithm.
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6.1.6.1 Minimum Brightness

The minimum brightness is the threshold of when a grey value is recognized as a white
pixel. When the grey value is lower than the threshold, the pixel will be black
(background). All the information for the subsequent image processing of tracking and
analysing is in the white pixels; therefore, the value for decision between background
noise and information needs to be chosen carefully. Typical values are ranging
between 15 (weak scatterer) and 150 (strong scatterer). Default values for biological
particles such as extracellular vesicles are ranging between 20 and 30.

6.1.6.2 Maximum Area

The particles in the field of view appear as spots. This means that each red spot in the
digital image represents a particle and has a certain area. The area is measured in
pixels, which are the sum of red pixels of the corresponding spot. When the spot size
is rather small (for example below 5 pixels) the spot can be regarded as noise.

With “Max Area”, the maximum number of pixels per spot (particle) allowed can be

adjusted.
The following image shows a comparison between the “Max Area“ settings of 75 and
1000.

« » « »

—Postacquisition P S Partide Driftat 0 vV T —Postacquisition Partide Driftat0 v T
Max Area 575 Check Partice Drift : Max Area £} 1000 || CheckPartide Drift ;
L atov y atov

MinBright. £}30  Min Area £} 10 MinBright. £} 30  MinArea £} 10

Last: | <No Check> Last: ' <No Check>

Figure 6-9: Comparison between “Max Area“ adjusted to 75 and 1000.

On the left side, white particles have a larger pixel number than 75; therefore, they will
not be picked up in the analysis. Red colored particles comprise 75 pixels or less and
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will be included in the analysis. On the right side “Max Area“ is adjusted to 1000. All
particles are colored in red and will be picked up for subsequent analysis.

For the above example, please note that the final result of the particle concentration is
lower for “Max Area“ 75 than for “Max Area“ 1000. The reason is that white particles
do not fulfill the adjusted “Max Area“ and will therefore not be analysed.

For biological particles such as extracellular vesicles or similar particles in a size range
between 70 and 400 nm, “Max Area“ setting of 1000 is adequate for including all
particles into the analysis.

When measuring small particles (e.g. below 100 nm), if you see spots of quite large
sizes (e.g. above 500 pixels), in most cases these spots are large agglomerates or
contaminations. Such strong scatterers may hamper image quality and result in poor
particle size distribution. By setting “Max Area“, these spots can be eliminated from
further processing.

When measuring large particles (>500 nm), please verify if the large particles are still
present (colored in red) in digital view. You may increase the “Max Area“ setting to
2000 or 10000.

Please note that the size of the spots is significantly dependent on the pre-acquisition
parameters (sensitivity and shutter). With a high sensitivity or with a low shutter value,
the spots (and thus the particles) appear larger because the particles show a higher
volume of scattered light. Conversely, the spots appear smaller if the sensitivity is low
and the shutter value high. It is therefore recommended to keep an eye on the
scattering intensity when setting the post-acquisition parameters, which should ideally
not exceed a value of eight.

6.1.6.3 Minimum Area

With the “Min Area” setting, noise can be filtered out and only spots larger than the
“Min Area” are preserved. As an example “Min Area” = 50 means that only those spots
(=particles) with an area of 50 pixels or larger are accepted. Objects with an area
smaller than that are omitted in further analysis. Especially when measuring larger
particles, the suppression of small objects may increase stability of the analysis and
result.

The following image shows a comparison between the “Min Area” settings of 5 and 50.
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Figure 6-10: Comparison between “Min Area” adjusted to 5 and 50.

On the left side all particles are colored in red and will be picked up for subsequent
analysis. On the right side “Min Area” is adjusted to 50. White particles have a lower
pixel number than 50 and will not picked up in the analysis. Red colored particles

comprise 50 pixels or more and will be included in the analysis.

It is important to consider that the number of detected particles and consequently the
concentration output is strongly affected by the post-acquisition parameters.

Please also note that all particles will always be recorded and included in the video file
regardless of the post-acquisition parameter settings. The post-acquisition parameters
determine which particles will be picked up for the subsequent analysis once the video
has been recorded.
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6.1.7 Check particle Drift

Drift is the movement of the particles within the measuring cell that goes beyond the
normal Brownian movement. There are limits to how much drift the software can handle
before size, concentration and zeta potential measurements are compromised. It is still
possible to make a measurement, but not recommended because the drift will then
adversely impact Brownian motion (size) or electrophoretic mobility (zeta potential)
measurements, resulting in incorrect data.

The speed of the particle drift in the field of view can be checked with the "Check
Particle Drift" button. The software switches to digital mode so that the operator can
observe the drift of all particles. The figure below shows an example in which the drift
of the particles is ok and not ok.

100% 100%

-« ] > -« | >

Particle Driftat 0 V

Check Particle Drift | l
Last: 13:01:30

2019-08-14

—Postacquisition Parameters

MinBright. £/30  Min Area {20

- — =g || Lest  12:59:03 "*"‘ o
[ [Auto 2019-08-14 : | Auto

—Postacquisition Parameters

Min Bright. :) 30 Min Area .'—) 20
v v

Figure 6-11: In the left picture the drift is in the tolerable range (green line), in the right picture the
drift is too high for a measurement (red line).

After clicking the button "Check Particle Drift" you can observe the cross located to the
right of this button. As long as the green line has not yet crossed the circle, the speed
of the drift is ok, and a measurement can be carried out. If the drift is too high, the line
crosses the circle and turns from green to red. A measurement is still possible, but not
recommended. The length and orientation of the line reflects the speed and direction
of the particle drift.
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Table 6.2: Description of parameters and functions in the Cell Check Menu.

Number | Function Remarks

1 Button for removing the Cell assembly After pressing this button,
you are asked to empty the
instrument by rinsing it with
air.

2 Cell calibration file Provides the calibration for
Z-NTA (with) or NTA
(without zeta potential
option). Only important for
PMX110 instruments.

3 For checking if the cell is free of excessive This function is part of the

background scatter daily start-up routine but can
be executed manually at
any time.

4 Result of the Cell Quality Check Colors green, bright green
and red highlight the quality
result.

5 Important for adjusting the optics (microscope & | This function is part of the
laser) of the instrument in order to get all daily start-up routine but can
particles in focus. However, this is not be executed manually at
considered as a calibration. AutoAlignment must | any time.
be performed with 100 nm polystyrene beads.

6 For doing a focus adjustment in fine steps. This function is part of the
daily start-up routine. It can
be executed manually at
any time with 100 nm
polystyrene beads as well
as with particles of the
injected sample.

7 Helps to determine the optimal sensitivity for Provides a rough estimation
measuring a specific sample at a given if the particles in the sample
concentration are in the optimum

concentration for
measurement.

8 Measures “trueness” and “precision” of a freshly | Most important for GMP
prepared 100 nm standard suspension purposes.

9 Shows the particle concentration after a daily
performance measurement

10 Shows the percentage of deviation of trueness
based on size measurement (Peak diameter)
after a daily performance measurement

11 Button for checking the conductivity of the liquid | Only available with zeta
inside the measuring cell potential capability.

12 Result of the latest conductivity measurement Only available with zeta

potential capability.

13 Current temperature of the measuring cell
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6.2.1 Cell Quality Check

With the "Cell Quality Check" function, the optical windows of the measuring cell and
the liquid in the measuring cell can be checked for cleanliness and absence from
particles. In this case, with steadily increasing sensitivity of the camera sensor, the
scattered light intensity in the liquid and the particles possibly contained therein are
measured. Depending on internal threshold limits set in the ZetaView® software, the
software rates the cell quality as “Very Good”, “Good” or “Not Acceptable”.

Cell Quality Result Cell Quality Result Cell Quality Result

Very Good Good NotAcceptable

Depending on the liquid used (commercially available ultrapure water, Milli-Q water,
tap water, etc.), the presence of particles or air bubbles that have been injected with
the water, and the cleanliness of the optical window of the measuring cell, the result
may vary greatly.

If the software shows "Very Good" or "Good", the system releases the measuring cell
for measurement, but for the result "Not acceptable” a measurement is not possible.
In this case, the cell should be rinsed again. This can be done either by using one of
the internal pumps (Pumpl or Pump?2) or, if an NTA Cell assembly is used by pump 3
(see section 6.3.1), connected to a water reservoir bottle, and / or by re-injecting 10-
20ml of water from a syringe into the injection port. To remove coarse dirt, the cell can
also be cleaned manually using the supplied brushes (see chapter 14).

The “Cell Quality Check” feature is part of the daily automatic start-up routine, which
also includes the “AutoAlignment” function. However, the “Cell Quality Check” can be
started manually at any time.

6.2.2 AutoAlignment

The "AutoAlignment" script is accessible in the Cell Check menu and should be
performed after each restart of the ZetaView® and after the Cell assembly has been
removed and put back on. The “AutoAlignment” is not for calibrating the instrument for
a specific size. Rather it serves to focus the detection optics of the ZetaView®
instrument on the particles. It is optimized for 100 nm polystyrene standard beads
("alignment suspension”) but not for particles usually measured as a sample.
Therefore, it is highly recommended to use only 100 nm polystyrene alignment
suspension. After injection of the alignment suspension and starting the
“‘AutoAlignment”, the laser and video microscope are adjusted to one another in a way
that the 100 nm polystyrene particles in the alignment suspension are sharply
displayed in all 11 measuring positions.
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For “AutoAlignment”, between 100 and 300 particles should be detected in the field of
view. A 1:250,000 standard dilution of 100 nm polystyrene particles results in
approximately 200 detected particles in the field of view. With this number, an
“‘AutoAlignment” is reliably possible.

The AutoAlignment comprises of 3 main steps:

1. The first step involves finding and focusing the 100 nm polystyrene particles in the
alignment suspension. In most cases, the 100 nm PS particles are already visible
after injection before starting the “AutoAlignment”. However, they can appear
either sharp or defocused. If they appear defocused, please ensure that the Cell
assembly is engaged properly, and no bubbles are present before continuing.

The step of “AutoAlignment” scans a large focus plane around the particles and adjusts
the focus of the optics quite accurately.

The figure below shows this first step of auto-aligning.

File Help

Remove Cell Assembly J Cell Connected

r—Cell Definition

—Step 1: Cell Quality
Q Cell Quality Result

Very Good
Sensitivity
~—Step2: AutoAlignment (Focus & Profile Symmetry) 100-
After Power Up & Particles visible,
after Cell Change not blurred 0-
Number of Partides ';’ 65.0
Scattering No. of Detected
Intensity  Particdes
30- 1000%
100 I
10+
(£ i
3.4 13

Dilution
+J 150000

Concentration: Partides / ml:
Measured 2.99E+6

4.48E+11

Original
Calculated

AutoAlignment (Focus)

- B wsin ——

Temperature pH  Conductivity

Figure 6-12: The first step of “AutoAlignment” involves finding particles and focusing on them.

The laser and the video microscope will move at the same time during this step, and
the particles may appear alternately focused and defocused. The first step of the
“‘AutoAlignment” is also marked with a status bar and the corresponding message
"AutoAlignment (Focus)".
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2. The second step of the “AutoAlignment” script represents the focus optimization.
The sharpness adjustment takes place in fine steps around the focus point already
found in the first step. Depending on the quality of the water in which the particles
are suspended (larger disruptive foreign particles) or on the age of the alignment
suspension, this step will be carried out several times reducing the sensitivity
settings for each iteration.

File Help

Remove Cell Assembly ) Cell Connected

r—Cell Definition

Laser
405 488 520 640

—Step 1: Cell Quality

Cell Quality Result
Very Good

Sensitivity

~—Step2: AutoAlignment (Focus &Profile Symmetry) 100~

After Power Up & Particles visible, g
after Cell Change not blurred 0-

’
Number of Partides o) 65.0

Scattering No. of Detected

- Intensity  Partides

30- 1000% 0

100+

10+<

0- o

2.4 159

Dilution
7J 150000

Concentration: Partides / ml:

Measured 2.30E+7

3.45E+12

Original
Calculated

Temperature pH  Conductivity Focus Optimization in Progress

26 e B msen P

Figure 6-13: In the second step of “AutoAlignment”, the focus is optimized.

The second step of the “AutoAlignment” is marked with a status bar and the
corresponding message "Focus Optimization in Progress".
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3. The third step includes a zeta potential profile measurement / 11-position
measurement (applies only for Z-NTA Cell assembly).

During the zeta potential profile measurement, the electrophoretic mobility of the
100 nm polystyrene particles is determined at all 11 measurement positions. This step
is also indicated by a status bar and the associated message “Profile (Autosymmetry)

in Progress”.
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Figure 6-14: In the third step, a profile measurement is carried out.
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As a result, a parabola is displayed.
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Figure 6-15: Resulting parabola from a profile measurement in the last step of the “AutoAlignment”.

The quality of the parabola gives two statements:

1.

First, the symmetry of the profile with respect to the x-axis shows whether the
optics has been aligned symmetrically. Any asymmetry will be corrected
automatically by the software. When repeating the “AutoAlignment” script, the
parabola will be symmetrical.

Each position of the profile (all 11 positions) is based on 4 points marked in RED,
BLUE, GREEN and BLACK.

The mobility resulting from positive current polarity is represented in RED, the
mobility resulting from negative current polarity is displayed in BLUE.

The mean value of RED and BLUE is displayed in GREEN and the resulting value,
the parabola fit algorithm is highlighted in BLACK.

Second, closely positioned points and a smooth parabola indicate a clean
measuring cell without bubbles adhering to the surfaces. On the Analysis tab under
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Results:Average, the software states a curvature value in mV indicating the quality
of the parabola. A negative curvature value indicates that the parabola opens
upwards (opening on the top). Values of |curvature| > 500mV (absolute numbers)
indicate a clean measuring cell. Bubbles can be removed from the cell surfaces
either by pushing more sample into the measurement cell or, if this is not
successful, by cleaning the cell using a soft brush (see chapter 14).

An inverted parabola, with the tip pointing up rather than down, or a zig-zag curve after
a profile measurement are a clear indication of cationic contaminants on the cell walls
or, more generally, a soiled cell.
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Figure 6-16: Inverted parabola (left) and “zig zag” curve (right) after a profile run. These results
derive from cationic contaminations on the cell walls or a dirty measuring cell.

In that case, size and concentration measurements are still possible without any
restrictions. Although zeta potential measurements are possible, they will result in
incorrect values due to cationic contaminations. It is therefore strongly recommended
to first clean the cell and only perform a zeta potential measurement if a normal
parabola is shown after a profile measurement.

The skewness of the profile does not indicate that one wall of the measuring cell is
filled with more particles than the other. Sedimentation or flotation only affects the
upper and lower walls of the measuring cell. The probability of covering the vertical
surfaces of the measuring cell with particles or molecules is the same for both surfaces.
Therefore, the ZetaView® instrument can be used to coat the cells by e.g. dirt particles
and the polarity of their charge are automatically monitored with a profile measurement.
The obliquity of the parabola only indicates an asymmetrical alignment of the optics.
The reason for this is the vertical orientation of the measuring cell with respect to the
axis of movement of the microscope. The orientation of the measuring cell with respect
to gravity or optical axes is a means of distinguishing between asymmetric orientation
and particle migration. A crooked profile therefore always indicates a bad orientation.
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This is corrected by “AutoAlignment” without additional effort of the operator. After
successful completion of the symmetry test, measurements can then be started.

The AutoAlignment function is part of the daily start-up routine. However, like the Cell
Quiality Check function, it can be started manually at any time.

6.2.3 Optimize Focus

The “Optimize Focus” function is accessible in the Cell Check Menu. It represents the
second step of the “AutoAlignment”; however, it can be activated separately.

As described before (see section Fehler! Verweisquelle konnte nicht gefunden w
erden.), the sharpness adjustment takes place in very fine steps around the focus point
already found. Unlike the “AutoAlignment”, starting the “Optimize Focus” function does
not necessarily require particles of the 100 nm alignment suspension but it is also
possible to accomplish focus optimization with already injected particles of a sample.
Depending on the quality of solvent in which the particles are suspended (large
disruptive foreign particles), focus optimization can be carried out several times by the
device.

Focus Optimization in Progress

Figure 6-17: Focus optimization can be carried out with already injected particles of a sample, as
well as with the alignment suspension.
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6.2.4 Number of Particles vs. Sensitivity (NvS)

The ZetaView® device is very sensitive to low particle concentrations when compared
to other particle analyzers. Since the ZetaView® uses the 90° scattered light of
individual particles for the measurements, a minimum particle concentration of
5x108 x cm™® can be reliably measured. Depending on the origin of the particles and
the type of purification and their size, the sample typically requires dilution before the
measurement.

As a rule of thumb, assuming equal mass concentrations, a larger dilution is required
for smaller particles.

To familiarize yourself with the ZetaView® instrument, we recommend starting with
100 nm polystyrene standard particles (alignment suspension), diluted 1:250,000.

The function "Number of Particles vs. Sensitivity" (NvS) helps the user to correctly
adjust the concentration of the sample and helps to select the correct sensitivity value
for the measurement. Depending on the size, the scattering behavior and the
concentration of the particles in an unknown sample, it is sometimes difficult to
determine the optimal sensitivity setting for the measurement. The adaptation of the
particle concentration is a decisive step. If the particle concentration is too high (e.g.
> 400), the particle density in the field of view may be too high for proper measurement.
In this case, particle-particle interactions or impact reactions of individual particles can
occur. As a result, it may no longer be possible to correctly recognize and trace all the
particles since individual particles are covered by others.

The function "Number of Particles vs. Sensitivity "can be accessed both in the Cell
Check tab and in the Measurement tab.

Number of Particles
vs, Sensitivity

When the "Number of Particles vs. Sensitivity” function is started, the ZetaView® scans
the entire sensitivity range from 1 to 100 and determines, for each individual sensitivity
value, the current number of particles in the sample. This only happens in the
measuring position that is currently set. An automated NvS measurement over all 11
measuring positions is not possible. The result is then displayed in a graph in which
the sensitivity values of the camera are plotted on the X-axis and the number of
detected particles on the Y-axis. In addition, the storage location and the name of the
corresponding file is indicated. The storage location is pre-determined, and the file
name is automatically assigned. Neither can be changed by the user before saving.
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Figure 6-18: Example of a result of an NvS measurement with information about the storage location
and file name.

In addition to the diagram shown, a corresponding text file is saved in the ZetaView®
folder under NvS in order to subsequently plot the graph in a spreadsheet software (for
example, Microsoft Excel, Origin, etc.).

™ = | NVS
“— v N > This PC > Windows (C:) > Program Files (x86) > ZetaVIEW > NVS
~
MName Date modified
7 Quick access
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=/ Pictures =] 2020-11-14_005659_nvs 11/14/2020 12:57 AM
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Figure 6-19: Storage location of NvS measurements.

The diagram is provided with the same color code as the indicator bar, in which the
“No. of. Detected Particles” (ref. section 6.1.3) can be read. The lower orange area
shows 1-49 particles, the green area 50-200, the upper orange area 201-400 and the
red area > 400 particles. The red area is shown in the diagram only if the particle
concentration in the sample is correspondingly high (>400) at high sensitivities.
Otherwise, the red area is not shown.
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If you drag the cursor (blue horizontal and vertical line) to a desired sensitivity in the
diagram, the window to the left above the diagram shows how many particles were
detected at a specific sensitivity value. To the right of this window are shown the post-
acquisition parameters as well as the camera settings that were adjusted during the
NvS measurement.

In the following figure, four curves of different NvS measurements are summarized by
way of example. The image results from 4 individual measurements, which were
plotted in MS Excel and colored for better understanding. The ZetaView® software
does not offer an overlay over several NvS single measurements.
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Figure 6-20: Overlay plot of four NvS curves originating from separate NvS measurements. The color
code of the diagram matches that one from the bar “No. of Detected Particles”.

After dilution (depending on the sample) of a highly concentrated sample (red curve),
the maximum shifts to higher sensitivity values (yellow and green curve) or ideally
disappears completely (blue curve). In some cases, especially in the presence of very
small particles (optimally measured with high sensitivity, low shutter value, and low
Minimum Brightness settings, see section 6.1.6.1), the curve shows a sharp increase
in high sensitivity settings (yellow, green, and blue curve).

The optimum sensitivity settings are close to the steep slope of the curve, usually at a
sensitivity between 75 and 90 for biological samples. The selected sensitivity values
should ideally be in the green range that corresponds to a particle count of 50-200 in
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the graph. Shutter and Minimum Brightness must be optimized in such a way that
curves are created that are analogous to the yellow, green or blue curve.

It is important to note that measurements of high particle concentrations at low
sensitivity settings (e.g. at a sensitivity of 60-70) to reduce the number of particles in
the field of view to lower values (<1000 red curve) can lead to incorrect particle size
distributions.

It should also be noted that an NvS measurement is based on the user-set values for
the shutter as well as the post-acquisition parameters “Minimum Brightness”,
“‘Maximum Area” and “Minimum Area” (ref. section 6.1.6). If a new measurement of the
same sample is carried out with changed shutter or post-acquisition parameters, a
different course of the graph may result.

Since an NvS measurement represents a snapshot of the particles in the field of view
of the measuring cell, the result may differ slightly from that of the previous
measurement, even with the same camera settings and post-acquisition parameters.
This is because the same particles will not be measured in each NvS experiment, as
they are constantly in motion due to the Brownian movement. For several NvS
measurements, it is therefore advisable to ensure that the particles of the sample are
homogeneously distributed in the measuring cell in order to obtain comparative graphs.

As already mentioned above, a sensitivity in the green range (corresponds to a particle
number of about 50-200) should be selected for an optimal measurement. If a lower
sensitivity is selected for a measurement, particles with weaker scattered light, usually
small particles, may not be detected and thus not measured. For small biological
particles between 70 nm and 150 nm, sensitivity between 75 and 90 is recommended.
However, you may need less sensitivity for metals, Q-dots and other bright particles
with a high refractive index.

6.2.4.1 NvS helps to find the optimal measuring concentration

The NvS function can be very helpful for adjusting the optimal measuring concentration
of the particles in the sample. There may be samples to be measured with user-
specified sensitivity. This is usually the case when it has already been found in previous
experiments which sensitivity is most suitable for measuring the concentration and size
of the particles.

If the number of particles after an NvS measurement is too high at the sensitivity that
one wishes to use for the actual size-, concentration- or zeta potential determination,
the sample must be diluted accordingly. This is explained in the following two
illustrations:
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We assume that a specific sample should be measured for size- and concentration-
determination with a specified sensitivity of 70. The sample was diluted 1:100,000. NvS
measurement of the sample resulted in a particle count of 504 with a sensitivity of 70.

Minimum Brightness = 30 -
Cursors: X Iy 1219 Minimum Size = 10
=l Cursor Maximum Size = 1000 B
NumberVsSensi 70 504 || EEEREEiRiEE = 2 =
ﬂ ﬂ Camera Shutter =100
Camera Pixel Format = Mono 8

Camera Resolution = 640 x 480
Y - Eacicevel = 0 -

900-

800-

700~

400
300- fr
200 l
100- Jﬁ l

0-; 7 ; g g ; : : ! !

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100
Sensitivity

Number of Particles

Figure 6-21: The result of the NvS measurement shows a particle count of 504 at the desired
sensitivity of 70. The sample was diluted 1:100,000.

Since this number of particles is in the red range and too high to be measured reliably
with the desired sensitivity of 70, the sample must be diluted so much that the number
of particles at the desired sensitivity is in the green range (50-200). Reducing the
sensitivity to between 35 and 45 is not recommended because small and dark particles
will not be detected, resulting in an incorrect particle size distribution and incorrect
particle concentration data.

In this example, we decide that the already diluted sample should be diluted again by
a factor of 5. This will eventually result in a 1:500,000 dilution, taking into account the
first dilution of the sample.

An NvS measurement of this highly diluted sample results in a particle count of 111 at
the desired sensitivity value.
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Figure 6-22:This time the result of the NvS measurement shows a particle count of 111 and is in the
green range at the desired sensitivity of 70. The sample was diluted 1:500,000.

Consequently, for a subsequent size and concentration determination, the sample
should have a dilution of 1:500,000. This example illustrates that with an NvS
measurement it is easily possible to find out the optimal measurement concentration
of a sample.

In general, sensitivity values between 75 and 90 should be adjusted in order to obtain
representative measurement results. If samples in a measurement series are to be
compared with each other, it is recommended to keep the sensitivity value for all
samples of the test series at a fixed value.
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6.2.5 Daily Performance

The "Daily Performance” function is accessible in the Cell Check menu. With the "Daily
Performance”, the ZetaView® software offers a function for quickly checking whether
the device is ready for use.

Daily Performance

The function comprises the automatic measurement of a 100 nm polystyrene size
standard (Alignment Suspension). The particle size distribution and concentration are
measured 5 times at one specific position. Trueness and precision for the particle size
are calculated from the 5 consecutive and independent measurements.

The term trueness (also known as accuracy) illustrates the proximity of the
measurement results to the reference value saved on the Calibration tab, typically set
to 100 nm. If different, enter the actual size of the size reference standard accordingly
(see also section 15.1.2).

The precision represents the reproducibility (repeatability) of the measurements.

250 Trueness

i

Low trueness High trueness

150 High precision High precision

Precision

100

Number Absolute

50

Low trueness High trueness
Low precision Low precision

0 e Diameter /nm
10 100 1000
= —— )
Precision Trueness

Figure 6-23: Hlustration of trueness and precision as examples on a size histogram (left) and target
discs (right)

Precision and relative standard deviation are used equally. Both, trueness and
precision are shown as percentage to the true value after the “Daily Performance”
measurement.

Depending on the measured size of the standard solution, the ZetaView® software
displays one of 3 available results for the trueness which is shown in the figure below.
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& Daily Performance Result

Measured particle size (number based, peak diameter): 104.8 nm

Predision 0.1 %

X
Resulting Quality: Trueness 4.8 % _

[ o 1]

Figure 6-24: Accepted trueness deviation from 100 nm standard 1-10%. The instrument is ready for

measurements.
@ Daily Performance Result *
Measured particle size (number based, peak diameter): 116.5 nm
Resulting Quality: Trueness 16.5 % Good

precson 10 [N

Figure 6-25: Accepted trueness deviation from 100 nm standard 11-18%. The instrument is ready for
measurements.

& Daily Performance Result bt
Measured partide size (number based, peak diameter): 223.2 nm
Resulting Quality: Trueness 123.2 % _
Precsen 15 [[VenGosd T
[ o ]

Figure 6-26: Accepted trueness deviation from 100 nm standard >18%. The instrument is not ready
for measurements.
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Procedure for performing a Daily Performance measurement:

To prepare the alignment suspension, two consecutive dilution steps are
recommended (e.g. two consecutive 1:500 dilutions, or one 1:1,000 followed by a
1:250 dilution).

1.

Preparation of dilution 1:

Add 5 pl of 100 nm polystyrene beads to 5 ml of particle-free water. Scale up if
necessary. This results in a 1:1,000 dilution.

Shelf life of solution 1 is approximately 2-3 days when stored at 4°C.

Preparation of dilution 2:

Add 80 pl of the 1:1,000 dilution to 20 ml of particle-free water. Scale up if
necessary. This yields a 1:250,000 alignment suspension.

Shelf life of dilution 2 is around 30-60 minutes.

If reproducible (< 5%) values for concentration and size distribution measurements
are desired, it is recommended to prepare solutions fresh prior to the
measurement.

Inject 100 nm standard solution (= dilution 2)

Press “Daily Performance®. The instrument automatically adjusts the instrument
parameters for 100 nm particles and performs the particle size distribution
measurement.

After measurement, the result of the daily performance measurement shows up. If
the result shows “very good” or “good”, resume with “OK”. The instrument is ready
for measurements

If the result shows “Not Acceptable” please check the following:

a. Check for cleanliness of the measuring cell.
b. Verify that the water is particle-free.

c. Standard suspension might be agglomerated. Prepare a new 1:250,000
dilution by using the already existent 1:1,000 dilution or prepare both
dilutions (1:1,000 and 1:250,000) completely freshly.

d. Verify that the instrument is located on a vibration-free table or lab bench
during measurement.
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6.3 Pump & Temp tab

6.3.1 Pump control

9

2 3

\Ia Administrator Help \
| dell Check | Pump & Temp | Measureient | Analysis |
| Temperature \
Continuous

Pump 1
.’-‘]6.7mL,’m|n

Pump 2
:)6.?mL[min

—Step Mode

Dosing Volume 1 f pl
gl5.02

Dosing Volume 2 f pL
gls.02

7N

Temperature pH  Conductivity
28.4 degC 277 ySjam | Co

Table 6.3: Description of parameters and functions in the pump menu.
Number | Function Remarks
1 For adjusting the flow rate of pump 1 and pump 2
in the continuous mode
2 Button for switching the pumps on and off When the pumps are in use
the button turns to a red
square.
3 Green light indicate that the pumps are ready to | Green light turns red if
use. pump is in use or
temporarily inactive due to
heat protection.
4 For adjusting the dosing volume of pump 1 and
pump 2 in the step mode
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Number | Function Remarks
5 Button for switching the pumps on and off When the pumps are in use
the button turns to a red
square.
6 Green light indicate that the pumps are ready to | Green light turns red if
use. pump is in use.
7 Button for checking the conductivity of the liquid | Only available with zeta
inside the measuring cell potential capability.
8 Result of the latest conductivity measurement Only available with zeta
potential capability.
9 Current temperature of the measuring cell

The ZetaView® device has two internal peristaltic pumps named Pumpl and Pump2.
In addition, an external third pump (Pump3) in combination with an NTA Cell assembly
(see section 4.4) can optionally be connected to the device.

Please note that the external pump (Pump3) is not hot-pluggable. During instrument
operation, the external pump is not recognized if it is plugged in. A system restart is

therefore necessary.

The screenshot below shows where both internal pumps and the external third pump

are selectable.

File Administrator Help

| Cell Check l Pump & Temp' Measurement l Analysis l

Pump ‘ Temperature |

— Continuous
‘Pump 1
;j &.7mL / min S
‘Pump 2
;j &.7mL / min S
‘Pump =
;j &.7mL / min S
—Step Mode
Dosing Volume 1/ L
E :
Dosing Volume 2 / UL
- ;
Dosing Volume 3 / PL
o)l9.92 v

Figure 6-27: Pump menu with all three available pumps. The optional third pump is only available if

connected externally to the ZetaView®.
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All pumps can be operated in two modes.

Continuous mode: The pump can be continuously operated to prime, wash or rinse
the instrument with an appropriate buffer or water. Especially after removing and
replacing the measuring cell or the Cell assembly, this step is recommended so that
all air in the fluidics of the ZetaView® device is completely removed and replaced by
water or buffer (see chapter 5).

In the dropdown menu of the continuous mode, the flow rate of the pumps can be
adjusted. The default value for the pump rate is 5ml / min. However, the pump rate
may be adjusted by clicking the arrow up or down. The following figure shows which
values can be set for the pump rate.

Pump ‘ Temperature |

6.7 mL / min
¥ z33mL/min
| 3.1mL f min
'5] 2.7 mL { min
2.5mL / min
2.3 mL { min
1.9 mL / min
1.7 mL { min
1.6 mL f min
1.5mL { min
1.4 mL f min
1.2mL { min
0.94 mL  min
0.68 mL / min

] ¥ [
L.

Dosing Volume 3 / UL
;} 9,92

¥ ¥ [¥]
L.

Figure 6-28: The pump rate can be adjusted by means of the drop down menu.

After the pump rate has been set, the pumps can be activated by clicking on the start
button.

File Administrator Help

| Cell Check I Pump & Temp' Measurement I Analysis I

Pump | Temperature |

—Continuous

1Pum|:| 1

as.?mLfmin 4
1Pum|:|2

as.?mLfmin 4
1Pum|:|3

as.?mLfmin 4

Figure 6-29: All pumps can be activated by clicking on the start button highlighted with a red frame.
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Several pumps can be operated simultaneously. While the pump is running, the start
button changes to a red square which is shown below.

Pump | Temperature |

——Continuous
1Pum|:| 1

J,DJ 5mL { min E _J

J\Pumpl Counterclockwise

ds.?mLfmin i
1Pum|:| 3

£/6.7mL /min v

Figure 6-30: A red square indicates a running pump.

Once the pumps are started, they will run until they stop automatically. However, it is
possible to stop the pumps at any time by clicking the red square again. After a pump
has been manually or automatically stopped, the green dot to the right of the start
button of the corresponding pump changes from green to red.

This is an overheating protection of the pump motors. In this state, a new activation of
the pump is not possible and only works again when the dot switches back to green
and the pump motor has cooled down. The longer a pump was activated (maximum
90 seconds), the longer the time in which the pump cannot be re-activated.

Step mode: In the step mode, the pumps can be operated step by step. After pressing
the green start button, the corresponding pump is activated and pumps the volume
shown in the window through the measuring cell.

The pump volume can be adjusted in the input field. Typical volumes to push the
sample through the measuring cell is 10ul to 100pl. After entering the pump volume
and starting the pump, the ZetaView® instrument will push the adjusted volume of
water or buffer (depending on which fluid is connected to the pump) through the fluidic
system. As a result, the sample in the measuring cell is pushed forward by the adjusted
volume, which introduces a new sub-volume of the sample into the field of view of the
detection optics. In this way, measurements of several sub-volumes of the same
sample are possible and can thus make statistics more robust. The step mode can be
executed manually or automatically in an SOP (see chapter 9).

It should be noted that the step mode only works reliably if the fluidic system of the
ZetaView® has been completely filled with water or with buffer by using the continuous
mode of the pumps. If the step mode is activated without the fluid system of the
ZetaView® being filled, it may happen that the remaining air inside the system prevents
or restricts a reliable displacement of the sample in the measuring cell.
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6.3.2 Temperature control

File Administrator Help

‘(‘.elchedd Pumpilanp‘ MesulemmtlAna’rs’s'

Pump Temperature

Main

Temperature Control
‘emperaf
42,5 . OFF

Temperature pH  Conductivity Update
/23,4 degC 277 pSfcm | Cond®

5 4 3

Table 6.4: Description of parameters and functions in the temperature menu.

Number | Function Remarks

1 For entering the desired temperature The maximum supported
range is from 5°C — 45°C.
However, the eligible
temperature setpoint
depends on the ambient
temperature and humidity

(dew point). .

2 Switch to turn the temperature control on and off | The switch turns green once
the temperature control is
on.

3 Button for checking the conductivity of the liquid | Only available with zeta

inside the measuring cell potential capability.

4 Result of the latest conductivity measurement Only available with zeta
potential capability.

5 Current temperature of the measuring cell If the temperature control is

switched on, the
temperature will be
indicated with a green,
yellow or red background
depending on how close the
adjusted temperature is to
the current temperature.
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The ZetaView® instrument has a temperature control, which makes it possible to keep
the measuring cell at a fixed temperature. The temperature control is accessible in the
Pump & Temp menu.

| Cell Check I Pump & Templ Measurement I Analysis l

Pump  Temperature |
Main |

Temperature Control

Set Temperature

‘r) 22.4 ‘ QFF

Figure 6-31: Temperature can be set by entering the desired value in the window or by clicking on
the arrows located on the left side of the temperature value up and down. To turn the
temperature control on, click on the red switch right next to the temperature value.

The ZetaView® systems have an ambient temperature and humidity sensor from which
the dew point is derived (data are displayed on the Temperature control tab in
Administrator mode only). In order to prevent condensation on the outer wall of the
cell, the ZetaView software supports set temperature values 5°C above the dew point.
As closest approximation, you can adjust the temperature from 5°C below the
temperature in the cell assembly to 45°C. However it is not recommended to set the
temperature too high as excessive vertical particle drift (see section 6.1.7) due to heat
development may occur.

A tempered and slightly cooled down cell may be very important for some
measurements, especially if the location of the ZetaView® is quite warm, if the samples
are sensitive to temperature changes, or if excessive vertical particle drift becomes an
issue.

After the temperature control has been switched on for example to 20°C (see figure
below), the sample in the measuring cell will be tempered according to the adjusted
value.

Pump  Temperature '
Main |

Temperature Control

Set Temperature i
:_) 20,0 ON

Figure 6-32: Temperature control switched to 20°C.
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This process takes a few minutes. During that time, a color code at the bottom left of
the ZetaView® software shows via a traffic light system (red, yellow, green), whether
a measurement can be performed or not.

Temperature
25.7 degC

Ambient temperature
highlighted in red:
Difference to the desired
temperature in the
measuring cell is too high.
However, a measurement
is possible but not
recommended.

Temperature
20.9 degC

Ambient temperature
highlighted in yellow:
Difference to the desired
temperature in the
measuring cell is still not
optimal for starting a
measurement. A
measurement is possible

Temperature
20,2 degC

Ambient temperature
highlighted in green:
Difference to the desired
temperature in the
measuring cell is
adequate for starting a
measurement

Figure 6-33: Color code of the ambient temperature indicator of the bottom left of the ZetaView®
software. Please note that a measurement is always possible no matter what color code is
displayed.

Even when the temperature control is switched off, the temperature inside the
measuring cell is still detected but the color code is not shown.

Temperature

27.1 degC

Figure 6-34: Temperature indicator without activated temperature control. Temperature reading is
not highlighted.

Measurements without temperature control are still accurate because the current
temperature of the sample is always detected when measuring the size, concentration
and zeta potential. The detected temperature value is always considered when
evaluating the results in the Stoke-Einstein equation and in the Helmholz-
Smoluchowski equation.
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6.4 Measurement Tab

6.4.1 SOP tab
1 2 3 4
File Administrator Help \
Cell Check | Pump & Temp | | Anatysks | /
O Ske Distribution Video: Sgfple Parameters. X

Experifjent ID Custom gintry
20201113 0009 |SRA_02

Path - <please use the browse button to change the gifage folder>
% Z:\New Samples\20201113_0009_SRA_02_size ‘488_000.avi 7

v| Autosave xt
S0P tP
v| Autosave .pdf Experiment Parameters
Select an SOP... E; <No SOP> \ 5

—Run Options

— Descriptio n
Save Current Settings as New SOP
/ Multiple Acquisitions
Number of Experiments Delete SOP EI\ Update SOP
C) 3 +| Dose Sub Volun
Time Delay (min) Use Pump —Experiment r—Options
7 - Ao 1 Zetapot. Size Positions — Fluorescence Filter
Jo.s o Pumo . ﬂ 13 / Autosave .txt [] Setremperamre scatter (Nong) |
—Number of Partides ————— E E 2 l 1
I Number of Parties | | Number of Partides| 12 / Multiple A [05 s8s sa0\ 60 |
vs. Po-nnn vs. s:n-wnty
#Cydes || Low Bleach \
35 / 52 Mumber of Experiments
g v | Dose Sub Volu
$ =] Low Med. High Highest Use Pump Time Delay (min)
5 )PumDL C)zu )us
g 1l ]15 16
‘g ] ST ACquisiuon Parameters r—Concentration
Min Brightness .} 30 [] Auto Brightness 91 - =y 21
Max Area (£ 1000 [ ] mYs-Threshoid
0 | ; 3 —Camera Control Compare
Min Area ;} 10 PSUNog Correction Sensitvity  Frame Rate Compare the current values with the
; A SOP settings.
32 = : g 750 5 20.00 Applies to Camera Control
Ength (5 15 and some of the Post Acquisition
oH oda Shutter Parameters
- o ! 4 B
27.9 degC g nm / Class }S Classes / Decal )6 ) 100 Red Corrent
\ \ \ \ \ \0, \cd

Table 6.5: Description of parameters and functions in the Measurement Menu SOP.

Number | Function (Measurement Menu SOP) Remarks
1 Experiment ID consisting of Each experiment ID is
yyyymmdd_consecutive number unique so that
measurements with the
same custom entry are not
overwritten.
2 Custom entry for the file name or experiment
name
3 Storage path of the measurement including
information of the used laser wavelength
4 Browse to change the storage folder
5 Drop down menu of the SOPs Gives access of all saved
SOPs.
6 Status light of the SOPs Indicates if an SOP is
activated or inactivated.
7 Reload a selected SOP
8 Saves the current measurement parameters as a
new SOP
9 Option for describing an SOP in more detail
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Number | Function (Measurement Menu SOP) Remarks

10 Deletes a selected SOP By pressing this button
there will not be any further
warning.

11 Updates the SOP with the current adjusted

measuring parameters

12 Switch between zeta potential measurement and

size measurement

13 Measure all 11 positions or 2 positions or 1 2 positions represent the SL

position (currently adjusted position) inside the (stationary layer) positions.
measuring cell

14 Select the number of the cycles Represents the number of
measurements per position.

15 Switch between low and high conductivity zeta Low conductivity:

potential measurements sample has <2mS/cm
High conductivity:
sample has >2mS/cm

16 Select the number of the frames Describes the number of
pictures recorded in a video
per measurement position.

17 Parameters for “Multiple Acquisitions” Important for fluorescence

measurements measurements and for
strengthening the statistics.

18 Adjust the temperature control for SOPs

19 Switch between laser wavelength for SOP

20 Drop down menu for switching between scatter

and fluorescence mode

21 Enter the concentration correction factor if

fluorescence concentration calibration becomes
an issue

22 To compare the current settings with settings of

a selected SOP

23 Adjust the frame rate of the camera This camera parameter
directly affects the
measurement result.

24 Adjust the sensitivity of the camera sensor This camera parameter
directly affects the
measurement result.

25 Adjust the exposure time of the camera This camera parameter
directly affects the
measurement result.

26 Adjust the number of classes per decade Applies only for the

logarithmic values in the text
file.
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Number

Function (Measurement Menu SOP)

Remarks

27

Automatic Brightness

Should be used on particles
that have low diffusion
behavior. Re-calculates the
minimum brightness for
each frame of a video. This
method prevents
overexposure of the
particles with regard to its
brightness values.

28 Select the width of the bin class Applies only for the linear
values in the text file.
29 Adjust the Tracelength Minimum number of frames
in which a particle must be
traced for being included in
the analysis.
30 Adjust Min Size (=Min Area) The minimum number of
pixels per spot (particle)
allowed can be adjusted.
31 Adjust Max Size (=Max Area) The maximum number of
pixels per spot (particle)
allowed can be adjusted.
32 Adjust Min Brightness Represents the threshold of
when a grey value is
recognized as a white pixel.
When the grey value is
lower than the threshold, the
pixel will be black. All the
information for the
subsequent image
processing of tracking and
analysing is in the white
pixels.
33 Miniature sheet of the “Number of particles vs
Sensitivity”

34 Button for executing “Number of particles vs
Sensitivity”

35 Button for executing “Number of particles vs
Position”

36 Ref. 17

37 When active, multiple histograms can be

overlayed

38 When active, a text file and a pdf report are

automatically generated after the measurement
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6.4.2 Experiment Parameters tab
1 2 3 4
File Administrator Help
Odcheckl Pump&Temlemnnmt‘Ana!y*l /
@ Sie Distribution Video: fample Parameters X
I Experis tID Cusf Entry
m 20201113_0009 SRA_02
r—Run Options ‘ Path - <please use the browse button to change thestorage folder >
Autosave .b &

» m
7‘ Autosave .pdf

Number of Partides

Sensitivity

|
80
Temperature pH Conductivity

Update
27.9 degC 229 muS/am | Cond.

sSop  Experiment Parameters

9 Z:Wew 58'*5\20201113_0009_%_02-v@
_| 6
—J

—Sample & Electrolyte
i Sample Name: /
v | Multiple Acquisitions SRA_02
Number of Experiments Electrolyte 8]
1} 3 v | Dose Sub Volur
y Time Delay (min) A Pump Dilution Solvent (for Viscosity on)
@05 gPume 1 & 150000 . o) Defaut r
—Number of Partides —————————— Temperature pH onductivity
Number of ?g? ‘ Number of Partides 27.9 \de C 7.0 229 oSl
7

—Remarks / Sample Info —

10 ]

LI

—Options

Overlay

)

]

Table 6.6: Description of parameters and functions in the Measurement Menu
Experiment Parameters.

Number | Function (Experiment Parameters Menu) Remarks
1 Experiment ID consisting of Each experiment ID is
yyyymmdd_consecutive number unique so that
measurements with the
same custom entry are not
overwritten.
2 Custom entry for the file name
3 Storage path of the measurement including
information of the used laser wavelength and the
experiment type (size or prof)

4 Browse to change the storage folder

5 For entering an additional sample name The sample name is

displayed on the measurement report independent from the
custom entry file name and
must be entered for each
measurement (no auto-fill
function).

6 For entering an electrolyte (PBS, HEPES etc.) This entry will be shown on
the measurement report and
does not affect the result of
the measurement.
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7 For entering the dilution factor This entry will be shown on

the measurement report and
it is used to calculate the
“Original Concentration”

8 Drop-down menu for selecting different Additional viscosities must
viscosities be entered by the user
before selecting them via
the drop-down menu (ref. to

section 9.6).
Number | Function (Experiment Parameters Menu) Remarks
9 For entering the pH of the sample This entry will be shown in

the measurement report and
does not affect the result of
the measurement.

10 Sensed temperature inside the measuring cell
11 Sensed conductivity of the sample
12 For entering additional remarks or sample This entry will be shown in
information the measurement report and
does not affect the result of
the measurement.
13 When active, multiple histograms can be
overlayed
14 Miniature sheet of the “Number of Particles vs
Sensitivity”
15 Button for executing “Number of particles vs
Sensitivity”
16 Button for executing “Number of particles vs
Positions”
17 Parameters for “Multiple Acquisitions” Important for fluorescence
measurements measurements and for
strengthening the statistics
of the measurement.
18 When active, multiple histograms can be
overlayed
19 When active, a text file and a pdf report are

automatically generated after the measurement

6.4.3 Autosave .txt & Autosave .pdf

Activate “Autosave.txt” to automatically generate a text file after a measurement,
including sample name, instrument settings, measurement parameters, and
measurement data.

A detailed description of the text file can be found in chapter 11 and section 13.6.

Activate “Autosave.pdf’ to automatically generate a pdf-report after the measurement.

This contains a summary of the measurement results.
A detailed description of the pdf report can be found in chapter 7.3 and section 13.5.
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6.4.4 Number of Particles vs. Position (NvP)

The function "Number of Particles vs. Position" (NvP) can be used to check whether
the particles are homogeneously distributed in all 11 positions after injection of the
sample into the ZetaView® instrument. A homogeneous distribution of the sample and
the particles in the measuring cell is essential for robust statistics.

After activating the function by pressing the button "Number of Particles vs. Position",

Number of Particles
ws, Position

with the current camera settings and post-acquisition parameters, a total of 19 different
positions within the measuring cell are automatically scanned and the current number
of particles measured for each position. The measuring positions 0.1 - 0.9 are included
in the scanned positions.

During the measurement, a diagram is created at the same time, in which the positions
on the X-axis and the number of particles on the Y-axis are plotted.

Minimum Brightness = 30 -
Minimum Size = 20
Maximum Size = 1000
a Camera Frame Rate = 30
-j Mumber of Partides Senstivity = 80
Camera Shutter = 100

Camera Pixel Format = Mono 8
il e Resolution = 640 % 430 -

m

165+
162.5-
160-
157.5-
155- > . &J
w 152.5-
a The result has been written to
g 150- C:\Program Files (x86)\ZetaVIEW NVP12019-08-06_163101_nvp.txt.
S e
5 145-
& 142.5-
5 140- v
137.5-
135-
132.5-
130-
127.5-
125-, ' ' ' I
0 0.25 0.5 0.75 1
Position

Figure 6-35: Result of an NvP measurement with message about the storage location and file name.

The result is a graph, in which the number of particles is plotted for each individual
position and all measuring points are connected to each other. In addition, the storage
location and name of the corresponding file is indicated. The storage location is pre-
determined, and the file name of the measurement is automatically assigned. Neither
can be changed by the user before saving.
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In addition to the number of particles, other parameters such as "Scattering Intensity"”,
"Mean Particle Area" and "Mean Particle Intensity" can also be selected.

“® Number of Particles (Position) [C:\Program Files (x86)\ZetaVIEW\NVP\2019-08-06_163101_nvp.txt]

Minimum Brightness = 30
Scattering Intensity Minimum Size = 20
Number of Partides Maximum Size = 1000

2 Camera Frame Rate =30
fJ Sensitivity = 80

Mean Partide Intensity Camera Shutter = 100

Camera Pixel Format = Mono 8
Y . Resolution = 640 x 480

»
L
m
1 |m|>%

Mean Particle Area

0 0.25 0.5 0.75 1
Position

Figure 6-36: Additional parameters are selectable after a successful NvP measurement. The top right
shows the camera settings and post-acquisition parameters set during the NvP
measurement.

The result of the measurement is stored separately in a text file containing "Number of
Particles”, "Scattering Intensity”, "Mean Particle Area" and "Mean Particle Intensity" for
each position.

I

@O'l1 » Computer » Windows (C:) » Program Files (x86) » ZetaVIEW » NVP

Organize ~ «] Open ~ Print Burn New folder

> Favorites Name Date modified Type Size
B Desktop 2019-08-06_163101_nvp 06/08/201916:31  Text Document 2KB
!4 Downloads 3 2019-06-14_131942_nvp 14/06/2019 13:20 Text Document 2KB
I ZetaVIEW 2019-06-14_131757_nvp 14/06/201913:18  Text Document 2K8
L4 2019-06-13_134311 nvp 13/06/2019 13:43 Text Document 2KB
2019-06-13_133828 _nvp 13/06/2019 13:38 Text Document 2KB
2018-06-07_172028_nvp 07/06/2018 17:20 Text Document 2KB

Figure 6-37: Path under which the results of NvP measurements can be found.
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If you only want to make sure that all the particles in the measuring cell are largely
homogeneously distributed in all 11 positions, you can also check this by manually
selecting each individual measuring position and observing the bar "No. of Detected
Particles ".

All measuring positions should show approximately the same number of particles with
plus or minus 15 % of particles as a guideline.

It should be noted that an NvP measurement is only a snapshot because the number

of particles varies continuously due to their movement. A new NvP measurement will
therefore lead to a slightly different result.
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6.5 Analysis tab
1 2 3 4 5 10 11 12 13
File Adfinistrftor Hel /
[ cell ghed} Pumpr& Temp | tbasuremehit | Analysis |
EI'EG [:/ Save/as - =
= EUZU1113,‘3'3\'3675!1»\,‘31}41&743 - Hax 2 )ZOO L Feme ',') = ; :aa = 9 B
Max Area )moo
Min Brightness ;)30 Min Area ’) 10 Tracelength 4 15 Multi-Threshoid
. 14 15 \ - If m Auto Brightness r PSD log Correction | v | New Traces Show 11-Pos Table
e - "N __VideoType— Dispiay ‘m | IEI—- Scatter Plot
Sample: SRA_(Q ~ YN, Size Distribution
Electrolyte: , #H 7.0 entered, Conductivity: 220.00 pS/
an sensed v Frames 30

. Results: X Values

Duration 1.0 sec

#Cydes 2

# Positions 11 0ap] 113 opoe

18

01 _si

|16H

2+ | oI
o

19 20

Peaks

1ooo1m|301l P

Mber Concentration

X10 Mo 122.0

X50 252.0 252.0

X90 5211 521.1

Span 16 16

Mean 306.0 306.0

StdDev 200.7 200.6

All sizes are given in nm

Quality
|7 cel MeryGoodl | TracesFound 1114

-Number of Particles

5 10 20

anerage(loPos) 105. 16 _| 30 Apparent Partices [mL |1.754 7

JT\_

Dwnel:rlrln

Temperature pH
27.9 degC

Conductivity

=lai ﬁﬁﬁﬂﬁ

229 muS/cm

Table 6.7: Description of parameters and functions in the Analysis Menu

Number Function (Analysis Menu) Remarks

1 Load files / load analyses

2 Add files / add analyses

3 Remove selected analysis

4 Save as text, report, pdf, save screen

5 Shows file name incl. experiment ID of the
recorded video

6 Post-acquisition parameters

7 Adjust the bin class of the zeta potential and
max. zeta potential to be measured

8 Adjust if new traces should be taken into Refers to individual frames
account during capturing a video recorded at one position.

9 Select the width of the bin class when doing a | Applies only for the linear
size measurement values in the text file.

10 Adjust the Tracelength Minimum number of

frames in which a particle
must be traced for being
included in the analysis.
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Number Function (Analysis Menu) Remarks

11 When enabled, the software calculates optimal | Recommended-for
brightness for each frame of the video. Can be | multimodal'mixturestand
combined with “Auto Brightness” for particles larger than

200 nm in size and with
different scattering
behaviour.

12 Shows the 11-position table after each 11-
position acquisition

13 Adjusts the number of classes per decade Applies only for the
logarithmic values in the
text file.

14 Provides information about sample name,

electrolyte, pH and conductivity

15 Provides information about the video type (size
or zeta potential measurement) and
parameters of the video

16 Scale X-axis Determine the range of the
X-axis or let the software
do this automatically.

17 Scale Y-axis Determine the range of the
Y-axis or let the software
do this automatically.

18 Legend Enables and disables the
legend.

19 Cursor Enables and disables the
cursor.

20 Shows line plot, bar plot or step plot Changes the appearance
of the graph.

21 Shows the scatter plot This function is only
available if the FCS Export
(see 25) is activated.

22 Enlarge graph Displays a larger view of
the result in a separate
window.

23 Graph Shows current graph of the
measurement.

24 Statistic table Average and peak
statistics are available as
well as the region of
interest (ROI) for showing
concentration in a specified
size range.

25 Generates an FCS-file of the following An existing FCS file is
measurement. Must be activated before the required for the
corresponding measurement starts presentation of a scatter

plot.

26 Switch between number-weighted, According to the

concentration-weighted, volume-weighted
distribution

experiment 3 modes of
distribution results can be
visualized.
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Number Function (Analysis Menu) Remarks

27 Switch between linear and logarithmic plot

28 Switch between distribution and cumulative Distribution only,
cumulative only and
distribution & cumulative is
available.

29 Absolute number of traced particles Number of particles
considered in the analysis.

30 Calculated average number of particles per

measuring position
31 Measured particle concentration averaged over
all measuring positions

32 Smooth graph Algorithm for smoothing
the graph.

33 Sum up multiple graphs Calculates the sum of
multiple measurements.

34 Normalize multiple measurements Normalizes multiple
distributions to 100%.

35 Average of multiple measurements Calculate the average of

multiple measurements.
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6.6 Scatter Plot tab
8 9 10 11 12
/
10-030-100.0-15-1-0_f0201113-172212.fcs i‘
om /Class §s Classes/Decade £} 64 fiea]

jorgna M +| = %/ 10s
ciuster: /B0 +f= XIN75
16 | [17 | [18 | [19 ]
Temperature pH  Conductivity Update

27.8 degC

229 muS/cm Cond.

Table 6.8: Description of parameters and functions in the Scatter Plot of the Analysis Menu

Number Function (Analysis Menu) Remarks

1 Switch to the Analyze menu

2 Switch between linear and logarithmic scale of

the Y-axis of the scatter plot

3 Switch to scatter plot

4 Drop down menu for selecting parameters for

plotting the Y-axis

5 Switch between linear and logarithmic scale of

the X-axis of the scatter plot

6 Name of the FCS-file

7 Drop down menu for selecting parameters for

plotting the X-axis

8 Select the width of the bin class Applies only for the linear
values in the text file.

9 Adjust the number of Classes per Decade Applies only for the
logarithmic values in the
text file.

10 Browse button to load a new FCS file
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Number Function (Analysis Menu) Remarks

11 Saves an FCS-file The FCS file will be saved
in the same storage folder
without any pop-up
message.

12 Saves a screenshot The screenshot is saved in
png-format by default.

13 Scatter plot of the current measurement

14 Histogram of the corresponding scatter plot

15 Switch between linear and logarithmic scale of

the X-axis of the histogram

16 Add particles to a present cluster

17 Remove particles from a present cluster

18 Delete a cluster

19 Number of traces of a cluster
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7 How to proceed for a size measurement

The particle size in a sample is determined by tracking each individual particle while
recording a video while they move according to the Brownian motion. Since the
ZetaView® instrument detects, localizes and tracks each particle in the field of view,
the software can quantify the average mean square displacement per time interval and
determines a diffusion coefficient for each individual particle. The diffusion coefficient
of each individual particle is taken into the Stokes-Einstein equation. The temperature
and the viscosity of the buffer in which the particles are suspended plays a decisive
role as well and are considered during size determination.

52
< X, y > D — kBT D = Diffusion coefficient; ks = Boltzmann constant; T = Temperature;
4 - 677,'7']7' n = Viscosity of medium; < x,y% > = Mean square displacement; r = radius

Dt =

Figure 7-1: Calculation of the mean square displacement for each particle (left) and Stokes-Einstein
equation (right).

The size of the patrticles in a sample can be measured in all 11 measuring positions,
in two positions which represent the SL positions (ref. section 13.2) or only one
position. The latter one represents the current position adjusted. When it comes to
good statistical reproducibility, measurement in all 11 positions are highly
recommended.

In general, before samples are analysed in all 11 positions, “AutoAlignment” using
polystyrene 100 nm beads (see section 6.2.2) should be performed. If the instrument
is equipped with an NTA Cell assembly, this ensures proper focus adjustment on the
particles. If the device is supplied with a Z-NTA Cell assembly, there is also a
symmetry correction.

To carry out a size measurement, the following conditions must first be met:

e The measuring cell must be clean inside and outside

e The start-up routine (auto alignment and possibly focus optimization) must have
been successfully completed (see chapter 5)

e The ZetaView® device must be primed with the appropriate buffer / liquid in
which the patrticles of the sample are dissolved

e There must be no air bubbles in the fluid system or in the measuring cell

e The particles of the sample must be in focus

e There should be approximately the same number of particles in all 11 measuring
positions

e The particles should be distributed homogeneously in all 11 measuring positions

e The horizontal and vertical drift must not be too high
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After the sample is injected, the particles appear in the field of view. Depending on

the sample,

1. Adjust scatter or fluorescence (see chapter 12) mode and the laser wavelength

2. Adjust the camera parameters (pre-acquisition parameters) according to your

needs

3. Enter the dilution factor

4.

File Administrator Help

‘ Cell Chad(l Pump &Templ Measurement' Anatvsns]

| Run Video Acquisition ‘

o Cell Connected E

——Run Options

Fluorescence Filter
Scatter (None) 5 '

7 Autosave .bxt
7 Autosave .pdf

Overlay

[ ] Multiple Acquisitions

=

—nNumber of Partides

Number of Partides

Number of Partides '

Position
0.6

(=l

100%

Sensitivity Shutter

100- I 2000- |
4 z -
0- 32°

650 4 100
; v

Scattering
Intensity  Partides

30- 1000=
100+
10
0- 1-
2.0 135
Dilution
3 7} 150000

Concentration: Particles / ml:

Measured  2.28E+7

3.42E+12
Original

vs. Position vs. Sensitivity

400

350-
1@ 300
b
& 250-
e
5
i 200-
E
3 150-
4

100 -

50-; 1 [0 1 1 1

0 20 40 60 80 100
Sensitivity
Temperature pH Conductivity Update
27.9 degC 229  muSjem | Cond.

Calculated

No. of Detected

-«

Adjust the post-acquisition parameters according to your needs

——Postacquisition Parameters

Max Area ij 1000
v

Min Bright. ‘;J 30  Min Area 1}] 5
Last:  16:50:23
L] Auto 2020-11-13

—Partide Drift at0 v

Check Partide Drift
atov

Figure 7-2: Settings to be made before doing size measurement.
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The following table summarizes the ranges of camera parameters recommended for
particle detection and measurement of particle size. The parameters are based on
polystyrene particles and provide a hint for adjusting parameters for particles in a real
sample.

The image acquisition, for example how the video is recorded, is defined by the pre-
acquisition parameters. Besides sensitivity, shutter and frame rate (see section 8.2),
the number of cycles, multiple acquisitions, resolution (see section 8.1) and measuring
positions define the statistical part, for example how often a video is acquired.

Post-acquisition parameters define the data mining of the recorded video. Post-
acquisition parameters can be varied after acquisition. This means that the same video
can be processed with different sets of post-acquisition parameters.

For optimum results, the number of detected particles should be between 100 and 300.

Table 7.1: Measurement parameters for different particle sizes based on polystyrene (PS)

Parameter PS40 nm | PS100 nm | PS 200 nm | PS 300 nm | PS400 nm | PS500 nm | PS600 nm | PS>600nm
Sensitivity 80-90 65-70 60 60 50-60 50-60 50-60 50-60
Shutter 50 100 100 150-200 200-300 300 500 500
s
2 Frame rate 60-30 30 30-15 15 15-7.5 7.5 7.53.75 3.75
ES (fps)
Q
©
o
(Y Resolution . .
(Number of Medium Medium Me(?lum- High ngh_ Highest Highest Highest
High Highest
frames)
Minimum
c . 20 25 Auto Auto Auto Auto Auto Auto
2 Brightness
j‘ﬁ
?'; Min Area 5 5 40 50 50 100 100 100
©
‘g Max Area 100 1000 2000 10000 10000 10000 10000 10000
a
Tracelength <15 215 230 230 230 245 245 245
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Further settings are made in the Measurement menu.

Click "Run Video Acquisition”
Enter the file name

Select the storage folder
Select size measurement

AR S o

<current> position adjusted)

N o

8. Click OK, then the measurement starts

Select number of positions to be measured (“11” positions, “2” SL positions, “1”

Select number of cycles to measure the positions
Select the resolution of the video (number of frames)

File Admi Help I
Cell Check I Pump l.TempI Heasmlent!lmnhss' I
@ Size Distribution Video: Sample Parameters
I : Experiment ID —_
1 20201113_0009 2
——Run Option: Path - <please use the browse button to change the storage folder>

% Z:\New Samples\20201113_0009_SRA_02_size_488.avi
Z‘ Autosave .bxt
SoP Experiment Parameters

3 []

z‘ Autosave .pdf
SelectanSOP... g} <NoSOP> ) Reload
j Overlay — Description
Save Current Settings as New SOP
[ | Multiple Acquisitions
Delete SOP Update SOP
—Options = =
Zetapot. | Size Positions luorescence Filter
@ 4 5 z‘ Autosave .txt l: Set Temperature Scatter (None) 5= !
—Number of Partides ——— | @Em W Autosave .pdf Laser
Number of Particles Number of Partides ‘ Multiple Acquisitions 405 488 520 640
vs. Position vs. Sensitivity
t = Cydes || LowBleach
400 4 6
o2
350
;g 300- ntin Low Med. High Highest 7
2an- ] e ]
] S—————————
E 200
2 = —Post Acquisition Parameters r—Concentration
5 150 " "
z
ard Min Brightness ‘,) 30 u Auto Brightness i} 1 Concentration Correction Factor
Max Area ) 1000 Muti-Threshold
50—y 0 ' 0 ' /) D —Camera Control Compare
0 2 42 . &0 80 Min Area () 5 [ ] psplog correcton Sensitvity  Frame Rate Compare the current values with the
S A A SOP setfings.
2 '} es.0 'Jl 30.00 Applies to Camera Control
Tracelength ,) 15 and some of the Post Acquisition
Temperature pH  Conductivity Update - ) _ Shutter Parameters
28.0 deaC 229  musfom | Cond. nm / Class (g} 5 Classes /Decade 7} 64 o100 i

Figure 7-3: Settings to adjust in the measurement menu.
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During an 11-position measurement, the scanning process of the ZetaView® optics
can be observed from position to position in the "Position" field. The progress bar at
the bottom right shows the progress during the measurement. The measurement can
be stopped here at any time as well.

File Help
) Cell Connected
——Run Options Laser
v | Autosave .txt 5 J X o0
v | Autosave pdf
Sensitivity
100-
0-
£)65.0
Scattering No. of Detected
Intensity  Partides
—Number of Partides 30- : 1000= I
100+
400 10+
350- 0- 1 c
g 300-
2 1.9 135
& 250- Dilution
s A4
E 200 2 150000
§ 150 - Concentration: Partides /ml:
100 Measured  2.19E+7
50-, i i [ | i 3.29E+12
0 20 40 60 80 100 £ ‘
riginal
Sensitivity Calculated

Size Distribution Experiment (1) in Progress

20 dsc| 2% msen —_—

Temperature pH  Conductivity

Figure 7-4: Progress during a size measurement.
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After the measurement, the software automatically switches to the Analysis tab. The
progress of the analysis can be observed in the progress bar in the left part of the
software interface and can be stopped if desired.

File ministrator  Help

‘ Cell Check I Pump & Temp I Measurement l Analysis |

.'”_-“ (= Saveas... |w — = 'ost Ag Parameter

“ MaxzP ’ PSD Classes / 7
0005 % 2/Comlz0 M @0 | pdm/Camifs  THSases/ges
Max Area ] 1000
MinBrightness £)/30  Min Area £ 5 Tracelength 15 | | MuitiThveshold
[ ]autosrightness || psDlog Correction New Traces Show 11-Pos Table
—Sample Video Type Display | 1nfo Scatter Plot
Sample: SRA_02 ~ | |/size Distribution
e ]| e B [ 2 = s
= | &
Dtr::z 1.0sec 65—
e —— # Cydes 2 -—
d Z0207TT
| Analyzing .. ] Cancel ] #Positions 11 60- St 3 |
|v] Fes Export | — 55+ .

Results: Average  Results: X Values | Peaks ‘ ROI ‘ = 50-

:$ Number  |Concentration| Volume i‘g 1::
z ol |-
= Al "

StdDev
Al sizes are given in nm 20—
Quality —Data Display ———— 15-|
|7 cel NeryiGood N  TracesFound 1504 10-
5|
E 0-, A
Number of Particles 3 5 10 20003000
[_Average(uPM-) 0.00 Apparent Partides /mL 0.0E+0 |

Temperature pH  Conductivity Update
28.0 deqC 246 muSfem | Cond.

Figure 7-5: Progress of an analysis in the Analysis tab.
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After analysis, the final histogram and the corresponding “X Values”, “Peaks”, “Traces
Found” and the particle concentration (“Apparent Particles / ml”) are displayed. If the
measurement was an 11-position measurement, the 11-position table is also
displayed, provided that this was activated in the Analysis tab before starting the
measurement. No table is displayed for a 1- or 2-position measurement.

File Help
Cell Check | Pump & Temp | Measurement | Analysis

i ® Positions Overwiew X
L Use Position | Mean Int. Av. No of Particles| Conc. (p./mL) Orig. Conc. (p./cm*3) No. of Traces X50 (nm) | Peak ¢ (nm)| Span | Drift (mum/; Removal
X 0.10 2.5 145.0 2.4E+7 3.6E+12 179 186.5 141.9 1.1 135
X | 0.15 | 25| 136.0 | 2.3E47 | 34E+12 | 167 178.7 | 1508 | 1.4 16.0 |
0.20 2.4 132.5 2.2E+7 3.3E+12 190 188.3 251.6 1.2 19.4 | GRUBBS_SIZE
X | 0.30 | 2.2 138.0 | 2.3E47 | 3.4E+12 | 165 177.9 | 1626| 1.4 213
X 0.40 1.9 143.0 2.4E+7 3.6E+12 181 170.5 1507 | 1.4 20.8
s x| 0.50 | 2.0 | 1385 | 23647 | 3.56+12 | 178 188.6 | 1497 | 1.4 194
E | 0.60 | 2.0 | 137.0 | 2.3E47 | 3.4E+12 | 183 184.5 | 197.7 1.3 16.9 | GRUBBS_SIZE
Hlx 0.70 2.2 141.5 2.4E47 3.56+12 175 182.7 1623 1.2 14.2
= X 0.80 1.9 131.5 2.2E+7 3.3E+12 186 163.0 137.5 1.2 10.8
X | 0.85 | 23] 142.5 | 2.4E47 | 3.6E+12 | 184 1724 | 168.5| 1.4 8.8 |
X 0.90 2.1 131.5 2.2E+7 3.3E+12 170 170.3 137.8 1.4 6.2
d | Mean I 2.2 138.6 | 2.3E47 | 3.5E+12 | 176.1 1767 | 1533 1.3 14.6 |
St.Dev. 0.2 4.9 B.1E+5 1.2E+11 7.4 8.4 11.8 0.1 5.4
| Rel.St.Dev.| 10.1 35 35| 35| 4.2 4.8 77| 77 36.8 |
Continue
I — — . _—
Mean f 216.11 216.1 }’ 650.5 “

StdDev

All sizes are given in nm
Quiality Data Display
(can NERGSMMI  Traces Found | 1355

Number of Partides
‘ Average (11Pos.) 137.91 Apparent Partides /mL | 2.3E+7 |

129.5 129.8 385.9

' | T
500 1000 20003000

Temperature pH  Conductivity pdate
27.9 degC 246 muSfam | Cond.

Figure 7-6: Complete analysis with an 11 position table after a size measurement.
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7.1 11-Position table

If “Show 11-Pos Table” is enabled in the Analysis tab, the 11-position table is
automatically displayed after every 11-position measurement, but before generation of
the pdf-report (for pdf report see section 7.3).

Post Aquisition Parameters

s Max ZP ¢ £ PSD Classes [ ©
2 [dass ¢ 2.0 5) 200.0 PSD nm / Class ,) 5 e .) 64

Max Area ’,) 1000

MinBrightness £J/30  MinArea J'5 Tracelength ¢ 15 Multi-Threshold

|—| Auto Brightness _ PSD log Correction m New Traces |7] Show 11-Pos Table

The 11- position table shows statistical values and quality criteria for each individual
measuring position (0.1 - 0.9) that can be used for a quality assessment of the sample
or the entire measurement.

The figure below shows an example of an 11-position table.

Use | Position | Mean Int.| Av. No of Particles| Conc. (p./mL) 0Orig. Conc. (p.fem~3) No. of Traces| X50 (nm) | Peak @ (nm)| Span | Drift (pm/s)| Removal
X 0.10 7.3 197.0 8.5E+7 8.5E+8 39 109.1 122.8 1.0 8.6
X 0.15 6.7 180.0 7.8E+7 7.8E+8 34 1001 146.1 0.8 8.5
X 0.20 7.0 184.0 7.9E+7 7.9E+8 42 1111 116.8 0.6 a.1
X 0.20 7.1 162.0 7.0E47 7.0E+8 43 104.3 93.2 0.7 2.6
X 0.40 7.4 172.0 74E47 7.4E48 28 111.1 106.6 1.3 8.9
X 0.50 7.0 173.0 7.5E+7 7.5E48 42 111.1 139.2 0.6 8.4
X 0.60 7.4 186.0 8.0E+7 8.0E+8 43 85.8 82.8 0.7 7.4
X 0.70 7.1 163.0 7.0E+7 7.0E+8 30 105.9 104.1 1.0 6.8
X 0.80 7.1 167.0 7.2E47 7.2E+8 38 1151 107.4 1.0 5.9
X 0.85 6.9 146.0 6.3E47 6.3E+8 35 1131 106.6 0.8 4.8
X 0.90 6.7 134.0 5.8E47 5.8E48 33 118.3 104.6 0.9 4.0

Mean 7.1 169.5 7.3E+7 7.3E48 37.0 108.5 111.8 0.9 7.5
St.Dev. 0.2 18.1 7.8E+0 7.8E47 5.3 8.5 18.5 0.2 1.9
Rel.St.Dev. 3.3 10.7 10.7 10.7 14.5 7.8 16.6 | 22.5 25.8

Figure 7-7: 11-position table after a measurement of all 11-positions without showing any outliers.

For each measuring position 0.1 to 0.9 (column 2; “Position”) statistical average values
are displayed which derive from the detected particles in the field of view for the
corresponding measuring position.
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Table 7.2 explains the columns of the 11-position table:
Column Headline of the column Meaning
1 Use A cross in this measuring position indicates
inclusion in the evaluation
2 Position Shows the measuring position
3 Mean Intensity Mean scattered light intensity of all detected

particles in the field of view averaged over all
video frames for the corresponding measurement
position

4 Av. No of Particles Number of detected particles in the field of view,
averaged over all video frames for the
corresponding measurement position

5 Conc. (Particles/ml) Measured particle concentration

6 Orig. Conc. (Particles/ml) Calculated particle concentration, taking into
account the dilution factor, if entered

7 Number of Traces Number of found traces of all particles in the
field of view

8 X50 (nm) Median size of all detected particles considered
in the field of view

9 Peak @ (nm) Mode size of the detected particles in the field of
view

10 Span Measure of the width of the distribution. The
span is calculated from (X90-X10) / X50

11 Drift Average non-Brownian related movement of the
particles in the field of view within the measuring
cell

12 Removal Shows the reason a statistical outlier has been
rejected in the corresponding measurement
position

The last 3 lines of the 11-position table show “Mean”, “Standard Deviation” and
“‘Relative Standard Deviation” across all measurement positions (0.1-0.9) for the
parameters in the columns 3-11 (Mean Intensity - Drift).

OQutlier control:

The 11-position measurement features an automatic outlier control. When “Show 11-
Pos Table” function is enabled in the Analysis tab, the 11-position table will be
displayed after the measurement.

In general, we recommend having at least 8 valid positions to accept the data, but
sometimes with difficult samples (for example only low concentrations of particles
available, high scattering background, very heterogeneous patrticles in the sample) you
will need to compromise and accept less valid positions, or even run the system at just
the center position.
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If the ZetaView® software detects potential outliers in one or several measuring
positions, these positions are not marked with a cross in the first column (Use) and the
positions will not be included in the analysis by default. In addition, the last column of
the 11-position table (Removal) indicates the reason why the software does not
consider this measurement position for evaluation.

The following figure shows an example of an 11-position table with detected outliers.

Use | Position | Mean Int.| Av. No of Particles| Conc. (p./fmL) 0rig. Conc. (p.fcm~3) No. of Traces| X50 (nm) | Peak @ (nm)| Span | Drift (um/s)| Removal
0.10 10.4 381.0 1.6E+8 1.6E+11 1 91.1 93.9 0.0 9.5 | MIN_TRACES
0.15 111 507.0 2.2E+8 2.2E+11 4 58.1 3.2 0.5 12.0 | MIN_TRACES
0.20 10.7 413.0 1.8E+8 1.8E+11 1 63.6 65.5 0.0 17.1 | MIN_TRACES
0.320 101 313.0 1.3E+8 1.3E+11 2 50.3 50.8 0.6 17.9 | MIN_TRACES
0.40 2.8 273.0 1.2E+8 1.2E+11 5 55.1 54.3 1.0 17.7 | GRUBBS_NUMBER
0.50 9.6 222.0 9.6E+7 9.6E+10 1 216.1 222.7 0.0 15.5 | MIN_TRACES
0.60 2.9 280.0 1.2E+8 1.2E+11 1 55.1 56.8 0.0 10.2 | MIN_TRACES
0.70 10.0 297.0 1.3E+8 1.3E+11 2 119.3 120.5 1.0 7.0 | MIN_TRACES
0.80 10.4 359.0 1.5E+8 1.5E+11 2 62.5 62.9 0.5 5.4 | MIN_TRACES
0.85 10.8 425.0 1.BE+8 1.BE+11 1 37.1 38.2 0.0 2.9 | MIN_TRACES
0.90 107 406.0 1.7E+8 L.7E+11 7 76.1 80.1 0.2 2.5 | GRUBBS_MI
Mean 0.0 0.0 0.0E+0 0.0E+0 0.0 0.0 0.0 0.0 0.0
St.Dev. 0.0 0.0 0.0E+0 0.0E+0 0.0 0.0 0.0 0.0 0.0
Rel.St.Dev. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Figure 7-8: Example of an 11-position table with outliers. None of the positions is considered for the
final analysis.

Column 1 (Use) of the table above does not consider a measurement position for the
evaluation, because the ZetaView® software's outlier control has identified all positions
as outliers. The last column (Removal) shows the reasons why the measurement
positions are declared as outliers; therefore in this example, “Mean”, “St.Dev and “Rel.
St.Dev.” have no values.

The outlier control of the ZetaView® software checks a total of 7 parameters, which
are determined during an 11-position measurement. By comparing with established
default values and by comparing the measurement positions among each other by
using the GRUBBS significance test, the ZetaView® software recognizes potential
outliers within the measurement positions.

The following 7 parameters are queried and checked in the outlier control in the order

shown below. Furthermore, for each parameter there are possible reasons listed as to
why the software suggests removing the measuring position.
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Table 7.3: Summary of parameters checked by the outlier control and reasons for removal

Priority of the Outlier message Refers to column Meaning Possible reason for
query removal
1 Min_Traces No. of Traces A particle must be Too few particles;
followed for at least 5 or | concentration too low
more traces. This
message typically
comes up when only
few particles are in the
sample
2 Max_Drift No column; Flagged when the Temperature issues;
Motion of the Particles; speed of the particles Buffers of different
See also “Check Patrticle exceeds 30um/sec viscosity or salt content
Drift at OmV” (section were mixed;
6.1.7) Leakage or bubbles in
the fluidic system
3 Range_Size Peak Diameter Flagged when particles Detected particles are
are detected that are too large or too small for
lower than 10 nm and reliable size
larger than 3000 nm. determination
4 Range_Number Av. No. of Particles Flagged when the Too few or too many
average number of particles in the sample
particles is lower than
10 and larger than 800.
This message may
come up particularly,
when only a few
particles are in the
sample
5 GRUBBS_Number | Av. No. of Particles Deviation of the average | Heterogeneous
number of particles is distribution of particles
too large compared to throughout the cell
other positions
6 GRUBBS_MI Mean Int. Deviation of the mean Air bubble;
intensity of the particles | large particles;
is too large compared to | High scattering
other positions contaminations in the
sample;
Background from free
fluorescence dye or
protein monomers;
Optics too close to one
cell wall (in case of
misalignment)
7 GRUBBS_SIZE Peak Diameter Deviation of the size of Heterogeneous
the particles is too large | distribution of large
compared to other particles throughout the
positions cell

The GRUBBS Significance Test refers to the parameters “Average Number of
Particles”, “Mean Intensity”, and “Peak Diameter”.

The automatic result of the outlier control within the 11-position table can be over-
ridden manually by clicking on the desired measurement position in column 1 (Use).
As a result, the corresponding message in column 12 (Removal) disappears.

This is shown in the following two example tables.
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Use | Position | Mean Int.| Av. No of Particles| Conc. (p./mL) Orig. Conc. (p./cm*3) No. of Traces X50 (nm) | Peak @ (nm)| Span | Drift (pm/s)| Removal
X 0,10 2,6 67,0 1,4E+7 1,4E+7 19 1354 1159 | 1,2 14,0
0,15 2,5 53,0 1,1E+7 1,1E+7 11 180,5 2279 08 15,4 | GRUBBS_SIZE
X 0,20 2,6 41,0 8,5E+6 8,5E+6 20 142,9 1435| 0,8 18,2
X 0,30 2,5 48,0 9,9E+6 9,9E+6 15 145,5 150,1| 1,6 20,8
X 0,40 2,6 76,0 1,6E+7 1,6E+7 19 142,0 151,1| 0,8 19,8
X 0,50 2,5 88,0 1,8E+7 1,8E+7 20 119,3 1464 | 0,8 16,5
X 0,60 2,6 105,0 2,2E+7 2,2E+7 26 128,3 168,5 | 0,8 14.6
0,70 3,2 118,0 2,4E+7 2,4E+7 20 122,3 1227 | 07 11,7 | GRUBB5_MI
X 0,80 2,5 129,0 2,7E+7 2,7E+7 17 1354 1450 07 7.4
X 0,85 2,6 157,0 3,2E+7 3,2E+7 16 128,3 1716 | 1,0 5.4
0,90 2.8 157,0 3,2E+7 3,2E+7 21 118,6 1243 | 0,5 4,2 | GRUBBS_MI
Mean 2,6 88,9 1,BE+7 1,BE+7 19,0 1346 1490 | 1,0 14,6
St.Dev. 0,1 39,9 8,2E+6 8,2E+6 3,4 8,9 171 03 5.6
Rel.5t.Dev. 2.8 448 44,8 44,8 17,8 6,6 11,5 32,9 38,4
Continue

Figure 7-9: 11-position table after measurement. The ZetaView® software has detected 3 outliers.

Use | Position | Mean Int.| Av. No of Particles Conc. (p./mL) 0Orig. Conc. (p.fcm~3) No. of Traces| X50 (nm) | Peak @ (nm)| Span | Drift (pm/s)| Removal
0,10 26 67,0 1,4E+7 1,4E+7 19 1354 1159 | 1,2 14,0
0,15 2,5 53,0 1,1E+7 1,1E+7 11 180,5 22789 08 15,4 | GRUBBS_SIZE
X 0,20 2,6 41,0 8,5E+6 8,5E+6 20 142,3 1435 0,8 18,2
X 0,30 2,5 48,0 9,9E+6 9,9E+6 15 145,5 150,1 | 1,6 20,8
X 0,40 2,6 76,0 1,6E+7 1,6E+7 19 142,0 151,1 0,8 19,8
X 0,50 2,5 88,0 1,8E+7 1,8E47 20 119,3 146,4 0,8 16,5
X 0,60 2,6 1050 2,2E47 2,2E47 26 128,3 168,5 0,8 14,6
X 0,70 3,2 1180 24E47 2,4E47 20 122,3 122,7 0,7 11,7 I
0,80 2,5 129,0 2,7E47 2,7E47 17 1354 145,0 0,7 74
X 0,85 2,6 157,0 3,2E47 3,2E47 16 128,3 171,6 | 1,0 5.4
0,90 28 157,0 3,2E47 3,2E47 21 118,6 1243 | 05 4,2 | GRUBBS_MI
Mean 26 92,1 1,0E+7 1,0E+7 19,1 133,3 146,1 | 0,9 14,3
St.Dev. 0,2 38,5 8,0E+6 8,0E+6 3,2 9,3 182 0,3 53
Rel.5t.Dev. 8,2 41,8 41,8 41,8 16,6 7.0 12,5 | 32,6 37,4
Continue

Figure 7-10: Position 0.7 has been activated by a cross manually. As a result, the message
“GRUBBS_MI* has disappeared. This position is now added into the analysis when clicked

“Continue”.
Use  Position | Mean Int.| Av. No of Particles| Conc. (p./mL) Orig. Conc. (p.fcm*3) No. of Traces| X50 {(nm} | Peak @ (nm)| Span | Drift (pm/s)| Removal
X 0,10 2,6 67,0 1,4E+7 1,4E+7 19 135,4 1159 | 1,2 14,0
0,15 2,5 53,0 1,1E+7 1,1E+7 11 180,5 2279 | 0,8 15,4 | GRUBBS_SIZE
X 0,20 2,6 41,0 8,5E+6 8,5E+6 20 142,89 1435 | 0,8 18,2
X 0,30 2,5 48,0 9,9E+6 9,9E+6 15 145,5 150,1 | 1,6 20,8
0,40 2,6 78,0 1,6E+7 1,6E+7 19 142,0 151,1 | 0,8 19,8 [ MANUAL 1
0,50 2,5 88,0 1,8E+7 1,BE+7 20 119,3 1464 | 0,8 16,5
X 0,60 2,6 105,0 2,2E+7 2,2E+7 26 1283 168,5 | 0,8 14,6
0,70 3,2 118,0 2,4E+7 2,4E+7 20 1223 1227 | 0,7 11,7 | MAHUAL 1
0,80 2,5 129,0 2,7E+7 2,7E+7 17 135,4 1450 | 0,7 7.4
X 0,85 2,6 157,0 3,2E+7 3,2E47 16 1283 171,6 | 1,0 5.4
0,90 2,8 157,0 3,2E+7 3,2E47 21 118,6 1243 0,5 4,2 | GRUBBS_MI
Mean 2,5 90,7 1,9E+7 1,0E+7 19,0 133,6 1487 | 1,0 13,8
St.Dev. 0,1 42,7 8,8E+5 8,8E+6 3,7 9,1 184 | 0,3 5.6
Rel.5t.Dev. 2,6 47,0 47,0 47,0 19,2 6,8 12,4 | 334 40,5

Continue

Figure 7-11: The positions 0.4 and 0.7 were manually removed, as indicated by the message
"Manual™ in the last column.

Please note that the message “MANUAL” only appears when one or more positions
are removed manually but not when they are added manually.

In this example above, the positions 0.15, 0.4, 0.7 and 0.9 are not included in the
evaluation.
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In addition, note that the software leaves it to the operator to make the final
determination regarding the outlier test. The outliers shown in the result table are
therefore not to be considered "carved in stone", but rather as a statistical
recommendation.

After clicking on "Continue" in the 11-position table, only those measuring positions
activated with a cross in column 1 (Use) will then be analyzed. This is independent of
whether the measurement positions were manually activated or deactivated by a cross,
or whether the operator follows the automatic outlier control completely.

Only after "Continue" has been clicked on will the evaluation and generation of the pdf-
report (see section 7.3) take place.

If “Show 11-Pos Table” is not enabled in the Analysis tab, the 11-position table is not
automatically displayed, however, the outlier control is still done in the background.
This means that the ZetaView® software automatically removes those measurement
positions that contain potential outliers. In this case, the user has no influence on the
table for enabling or disabling distinct measuring positions.

Post Aquisition Parameters

2 [Class gj20  MaXZ o000 PSD nm / Class £} 5 PSD Classes / 7 g4
. b w Decade L

Max Area "; 1000

Min Brightness ,’-} 30 Min Area :’.I 5 Tracelength :’j 15 | |Mljti.‘|'hfe5ho|d
[ l Auto Brightness | | PSD log Correction ['/ l New Traces [ l Show 11-Pos Table
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7.2 Multiple Acquisitions

The feature “Multiple Acquisitions” can be used to automatically perform a pre-
determined number of measurements. The time interval between measurements and
the liquid volume dispensed through the pump's step mode can be controlled as well.
This feature can be used for size measurements, zeta potential measurements and
fluorescence measurements. In fluorescence measurements, “Multiple Acquisitions”
can be used simultaneously with the "Low Bleach" function to reduce rapid bleaching
of dyes (ref. section 12.6). With the “Multiple Acquisitions” function, the statistics of the
measurements can be significantly increased.

In addition, with this feature it is possible to observe a sample in the measuring cell
over a defined period. At certain time intervals, which can be adjusted by the operator,
the same measurement of the sample can always be repeated automatically in order
to examine changes in the sample, such as agglomeration of the particles, or a shift in
the size distribution. In this way, a kinetics experiment can be run very easily.

All measuring parameters can be freely adjusted by the operator of the ZetaView®
instrument, but it should be noted that sensible parameters should be set for the
respective experiment.

The following example shows how to adjust the ZetaView® to automatically perform
three size measurements with a time delay of 1 minute:

File Administrator Help
| Cell Check I Pump & Tempnalvs's |

Run Options

Autosave .bxt
Autosave .pdf

Figure 7-12: Click ,,Run Video Acquisition” in the Measurement tab.
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@ Size Distribution Video: Sample Parameters x ‘
Experiment ID Custom Entry
20201113_0010 SRA_03
Path - <please use the browse button to change the storage folder >
9, Z:\New Samples\20201113_0010_SRA_03_size_488_000.avi Ii]
SOP | Experiment Parameters |
Select an SOP... ’) <No SOP> ) Reload

——Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options I I
Zetapot. Size Positions Fhuorescence Fitter
m ﬁ@m z‘ Autosave .txt Iz Set Temperature Scatter (None) T.
3 Laser
7‘ Autosave .pdf ;} 250
I/I Multiple Acquisitions I 405 488 520 640
# Cydes J Low Bleach
2 Number of Experiments
ul r) 3 A
I Dose Sub Volume v} 3
Low Med. High Highest Use Pump Time Delay (min)
=] o o i
—Post Acquisition Parameters —Concentration
Min Brightness :) 30 U Auto Brightness :) 1 Concentration Correction Factor
MaxArea {1000 [ | Muit-Threshold — =
¥ —Camera Con | ompare
i’
Min Area ") 10 u PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
A 7 SOP settings.
A 5) 7.0 § 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
v ' ) Shutter Parameters
nm / Class i) 5 Classes / Decade ';)64 ;} 500 E——
oK Cancel

Figure 7-13: The settings for the Multiple Acquisition function are highlighted in red.

Activate “Multiple Acquisitions*
Enter ,Number of Experiments®: 3

1
2
3. Enter ,Time Delay (min)“: 1
4

,Dose Sub Volume* is not activated

A series of 3 measurements of the same samples will start. Between each
measurement, a 1l-minute pause is taken before the next measurement starts.
Depending on the adjusted number of measurements, a temporal kinetics experiment
can be carried out in this way. The following figure shows schematically what the
ZetaView® is doing if adjusted with the settings above.
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Measuring Cell

v

15t Acquisition ‘ 11 Positions H 3 Cycles ‘

4

1 minute break

4

2nd Acquisition ‘ 11 Positions H 3 Cycles ‘

4

1 minute break

4

3" Acquisition ‘ 11 Positions ” 3 Cycles |

Particles currently being measured in 1st acquisition

22
.

T— Particles currently being measured in 2nd acquisition

Particles currently being measured in 3rd acquisition

KB
.

Figure 7-14: Schematic representation of a “Multiple Acquisitions” measurement with 3
acquisitions. In each acquisition, all 11 positions are measured 3 times. After each
acquisition, a 1-minute pause is taken before proceeding to the subsequent acquisition. In
all acquisitions, the same sub volume is measured.

It is important to note that the "Show 11-position table" function needs to be unchecked
for the acquisitions to proceed without user intervention (see figure below). Otherwise,
the experiment hangs up after one acquisition while waiting for the user to hit
“continue”.

Post Aguisition Parameters

2P | Class i) 20 MaxZP 2§ 200,0 PSD nm /Class £} 5 PSD Classes [ 7} g4
¥ ¥ Decade ¥
Max Area f.j 1000
Min Brightness ;)30 Min Area 7 5 Tracelength £} 15 Multi-Threshold
I I Auto Brightness | PSD log Correction [/ l New Traces I I Show 11-Pos Table
e—|

Figure 7-15:""'Show 11-Pos Table" must be unchecked if “Multiple Acquisitions” includes 11-
positions measurements. This does not apply for “Multiple Acquisitions” comprising 2
positions or 1 position.

The “Dose Sub Volume” feature extends “Multiple Acquisitions” by moving the sample
through the cell after the pause (time delay), so that a new sub volume of the same
sample enters the ZetaViews measurement optics. In this way, a completely different
sub volume of the same sample can be measured. This may be important for samples
that tend to agglomerate quickly due to heat and is recommended for fluorescent
samples to prevent rapid bleaching. The following illustrations show an example of
adjusting 4 acquisitions with a 1-minute pause (time delay 1min) and activated "Dose
Sub Volume" function.
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@ Size Distribution Video: Sample Parameters X ‘
Experiment ID Custom Enfry
20201113_0010 SRA_03
Path - <please use the browse button to change the storage folder>
%, Z:\New Samples\20201113_0010_SRA_03_size_488_000.avi Iil
SOP | Experiment Parameters
Select an SOF... ’) <No SOP> 2 Reload

——Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment Options = =
Zetapot. Size Positions Lo
. Z‘ Autosave .bxt lz Set Temperature Scatter (None) v.
n m ﬂlﬂ 7‘ Autosave .pdf :} = Laser
I /| Multiple Acquisitions I 405 488 520 640
# Cydes J Low Bleach
E, 3 Number of Experiments
& v/l Dose Sub Volume ;} 4
Low Med. High Highest Use Pump Time Delay (min)
o [l g g
~Post Acquisition Parameters (—Concentration
Min Brightness :—) 30 U Auto Brightness :} 1 Concentration Correction Factor
MaxArea {1000 [ | Muib-Threshold
p4 —Camera Control Compare
Min Area ') 10 U PSD log Correction Sensitivity  Frame Rate Compare the current values with the
A 7 SOP settings.
3 '} 7.0 *} 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
- )  Shutter Parameters
nm / Class (] 5 Classes / Decade 7J 64 500
/ ) / ) '} Read Current
0K Cancel

Figure 7-16: The settings for the number of frames (resolution of the video) are highlighted in red.

1. Activate “Multiple Acquisitions*

2. Enter ,Number of Experiments“:4
3. Enter ,Time Delay (min)“:1

4. Activate ,Dose Sub Volume*

5.

A

Select the pump used to move the sub volume through the cell

series of 4 measurements of the same sample will start. Between each

measurement, a time interval of one minute is taken. After this pause, a new sub
volume of 20pl is pushed into the field of view of the cell. This sub volume is fixed and
cannot be changed. This ensures that all particles that were previously in the field of
view of the measuring cell are completely replaced by new particles of the same
sample. A minimum of 20 sub volumes can be measured in this way. This is shown

schematically in the following figure.
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Measuring Cell
| Particles of the same sample in a different subvolume
waiting for 2nd acquisition

\d
1% Acquisition ‘ 11 Positions H 3 Cycles ‘ II m II
' T—Partil:les currently being measured
1 minute break + dose subvolume
‘ Particles of the same sample in a different subvolume
waiting for 3rd acquisition
nd P . e o
2nd Acquisition 11 Positions || 3 Cycles e,
' T— Particles currently being measured
Particles already measured in 1st acquisition
1 minute break + dose subvolume
‘ Particles of the same sample in a different subvolume
waiting for 4th acquisition
31d Acquisition ‘ 11 Positions H 3 Cycles ‘ II m’.: .: II
' T— Particles currently being measured
. Particles already measured in 2nd acquisition
1 minute break + dose subvolume
4t Acquisition | 11 Positions H 3 Cycles ‘

Figure 7-17: Schematic representation of a multiple acquisition measurement with 4 acquisitions and
with “Dose Sub Volume” function switched on. In each acquisition, all 11 positions are
measured 3 times.

After each acquisition, a 1-minute pause is taken. Subsequently, new particles in a
new sub volume are moved into the field of view of the measuring optics by one of the
two pumps (red particles will be measured in the 2" acquisition, green particles in the
3'd acquisition, etc.) before the subsequent acquisition is begun. As a result, in each
acquisition, other particles of the same sample are measured.

Since the function “Multiple Acquisitions” has been introduced for strengthening the
statistical power of the measurements, each acquisition comes with its own batch of
result data files such as pdf report, txt-files, and video files. This is important because
you can compare several acquisitions of a single sample.

In contrast to that, if the “Multiple Acquisitions” feature is switched off, an 11-position,
2-position, or 1-position measurement will always show only one batch of result data
files, no matter how many cycles have been measured. Hence, the number of result
files is generated from the number of acquisitions and not from the number of cycles.

In contrast to single acquisitions, the pdf reports from multiple acquisitions will not show
up automatically. They must be called up manually in the corresponding directory.
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7.3 Description of the PDF report (size measurement)

‘.-“'l.' Electrophoresis & Brownian Motion

‘Particre ZETAVIEW?® Video Analysis

METEIX Laser Scattering Microscopy

wenw. particle-metrix.oom

Particle Metrix
wilamoos 4
D-82268 Inning am Ammerses |
Garmany

Vidao Oparatc:r: Sarvice

Operator (Report): Sarvice

Sample Parameters Result (sizes in nm)

Sample Mame: Polystyrane 100nm Standard (1% solids) Mumber  Concentration  Wolume
Sampie Info 1: Gerl. mean diamelar: 96nm Median (X50) 1083 108,3 170,4
Sample Info 20 Lot: WS1234.5678 StdDenw 455 455 120,9
Sampie Info 3: Exp: 31.Dec.2023

Elactrolyta: diH20 Concentration: 9, TE+T Particles/ mL
Tamperature: 24,65 *C sansed Dilution Factor: 250000

PH 7,0 entarad Original Concentration: 2 4E+13 Particies / mL

tared

Instrument Paramesers
Laser Wavelength: 488 nm
Flifer Wavelangth:- Scatiar
Sanslihity: 85

Shuttar: 100

S0P: PS100nm_488
Size Distripution 1 Cycla 11 Positions

Quality
Avarage Counted Particles par Frame: 240
Mumber of Traced Particlkes: 2164
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1. Sample Parameters

Here, the sample information that was entered on the measurement menu are
documented. All those information (comment, sample info 1, sample info 2, sample info 3,
Electrolyte, Temperature, and pH) can be found and entered in the ,Experiment
Parameters® tab (see below).

Note: The Sample Name has to be entered each time the measurement menu is opened,
there is no auto-fill of that field or any linkage to the Custom Entry File Name.

Experiment ID File Name Custom Entry

20221212 _0000 P5100nm
Path - <please use the browse button to change the storage folder>
% C:\Temp'\ZetaView_Tests|20221212_0000_PS100nm_size_488.avi

sOP  Experiment Parameters

—Sample & Electrolyte

Sample Name o

Palystyrens 100nm Standard (1% solids)

Electrolyte
diH20
Dilution ‘Solvent (for Viscosity Calculation)
£ 250000 ) Default
Temperature pH Conductivity
24,1 °C Ul' 7,0 U'I 0 pSfem
—Sample Info

Cert, mean diameter: 96nm
Lot: W51234.5678

Exp: 31.Dec.2023

—Options

l:‘ Overlay

0K Cancel

Figure 7-18: The settings for the Experiment Parameters are highlighted in red.

2. Instrument Parameters
This section lists which laser and camera settings have been used during the
measurement (e.g. laser wavelength, filter wavelength, shutter and sensitivity settings). If
no fluorescence filter was used, “Scatter” is stated on the report.

3. SOP
This section lists the name and description of the used SOP and what kind of
measurement has been performed (size distribution or zeta potential measurement). In
addition, it lists the number of the cycles. In case an SOP was not saved before starting
it, (e.g. status of the SOP shows red), the reports states < No SOP >,
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4.

Result (sizes in nm)

The median (X50 value) is documented for
¢ Number-weighted distribution,

¢ Concentration-weighted distribution

¢ Volume-weighted distribution.

Since the graph of the number-weighted distribution and concentration-weighted
distribution is the same, the values for the number-weighted distribution and
concentration-weighted distribution are equal.

Measured concentration of the particles, dilution factor and original calculated
concentration is documented. The original concentration is calculated by the dilution factor
multiplied by the measured concentration.

Quality

Average counted patrticles per frame is a calculated value and describes the number of
particles that are detected on average within one video frame. This number is very similar
to the ,No. of Detected Particles” that you can see in the lower right bar in the software.

Mo, of Detected
Particles

1000 =
100=
10-
i-
160

Number of traced particles is the total number of particles that are analysed in the particle
size statistics.

Analysis Parameters (see post-acquisition parameters in section 6.1.6) that were used

for the measurement

e Max Area (maximum number of pixels that a particle contains to be analysed in the
statistics)

e Min Area (minimum number of pixels that a particle contains to be analysed in the
statistics)

e Min Brightness (grey level of the particles) describes the minimum grey level that a
particle has for analysis in the statistics

Histogram of the number-weighted distribution or concentration-weighted distribution,
depending on which plot was shown in the Analysis tab when the pdf was created

Histogram of the volume-weighted distribution
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10. Peak Analysis
For every detected peak in the histogram the peak diameter (in nm) is shown. In addition,
the absolute number of particles (Number Absolute) related to the corresponding peaks,
the FWHM (Full Width Half Maximum) and the percentage is documented.

11. Picture of the first image taken during the measurement

12. X-Values

X10 = 10% of all analysed particles are smaller than the stated value

X50 = 50% of all analysed patrticles are smaller and 50% are larger than the stated
value

X90 = 90% of all analysed particles are smaller than the stated value

Example: For the number-weighted distribution and for concentration-weighted
distribution 10% of all analysed particles are smaller than 77.1nm.

For the volume-weighted distribution 10% of all analysed particles are smaller than
114.5nm.

Span describes the width of the histogram. The span is calculated in the following
way:

X90 — X10

Span = X50

Mean is also called average. It is the sum of the values (in nm) divided by the number
of values (number of all particles).

StdDev quantifies the amount of variation of the measured size in nm.

13. Experiment and Report Details
This section lists the details about the analyzed video file (e.g. Windows path and file
name) and when the experiment was conducted (e.g. time stamp, ZetaView serial number
and software version used). It lists also details when the report was created (e.g. time
stamp and ZetaView software version).

14. Company Information
Starting the ZetaView software in Administrator mode (see section 15.1), the
Measurement tab offers a “PDF Report Settings” button to customize the report header.
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o etalie ersion 8.05
Datei  Administrator  Hilfe

| Aﬁgnmentl Call Ched-:l Pump & Templ Hmt' Analyml Manual Acquisi

Run Video Acquisition J Cell Connected @l
Fluorescence Filter El
Scatter (None) \—I [
——Run Options Laser @l
Autosave bt 458 Ei
Position
=
0,5 o
Sensitivity Shutter
|:| Overlay 100- 2000 -
|:| Multiple Acquisitions E E
0- 32-
9 65,0 9 100
Scattering Mo, of Detected
Temdmemmidn s | T E Rl
& PDF Report Settings
Operator Phone
Service
eMail
Company Mame
Company Address
OK Cancel

Figure 7-19: PDF Report Settings - dialogue window for entering customized header information.
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8 Additional video parameters and settings

8.1 Number of Frames

The ZetaView® instrument determines the size and concentration of the particles
based on a video recorded and stored during a measurement. If, for example, an 11-
position measurement is performed, a separate video is recorded for each individual

measuring position. All 11 videos from such an 11-position measurement are then
merged into a single video during the analysis.

Basically, a video of the ZetaView® is a sequence of frames in which the particles are
detected and tracked. The number of frames of a video per measurement position can
be adjusted in the Measurement tab under "Run Video Acquisition”. The number of
frames equals the resolution of the video recorded by the ZetaView® instrument.

@ Size Distribution Video: Sample Parameters

Experiment ID Custom Entry
20201113 0010 SRA 03

Path - <please use the browse button to change the storage folder>
9 Z:\New Samples\20201113_0010_SRA_03_size_488_000.avi

SOP | Experiment Parameters

Select an SOP... ") <No SOP>
——Description
Say
Delete SOF
—Experiment —Options
Zetapot. Size Positions

E osave .
il 2]1] 2 —
v'| Multiple Acquisitions
# Cydes J Low Bleach

’3)3

1/| Dose Sub Volume
Low Med. High Highest .Use Pump

L] :) Pump 1

Figure 8-1: The settings for the number of frames (resolution of the video) are highlighted in red.

Table 8.1: ,Low*, ,Med.“, ,High* and ,Highest* indicates the number of consecutive frames in
a video per measuring position.

Setting Low Med. High Highest
Number of frames 15 frames 30 frames 60 frames 90 frames

In addition, the number of frames contributes to the duration of the video per position
as well as to the total length of the final video after a measurement. For example, the
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setting “Low” results in a video that contains 15 frames (pictures) “Med.” yields to a
video that contains 30 frames. All detected particles are followed frame by frame until
the end of the video.

Low: 15 frames
INNNENENENENEER

15. frame >_ Appliesfor one
' measuring position

Every detected particle is followed frame by frame within 15 consecutive frames J

\
Med.: 30 frames

L

1. frame 30..-fra‘he >_ Appliesfor one

measuring position

Every detected particle is followed frame by frame within 30 consecutive frames J

Figure 8-2: The settings “Low” and “Med.” are shown as an example for the adjusted number of
frames. The number applies for one position inside the measuring cell.

If, for example, “Med.” and 11 positions is selected for measurement, a video will be
recorded that contains 30 pictures per measurement position resulting in 330 pictures
for the final video of all 11 positions.
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Table 8.2: The number of frames is user-selectable and allows measurement flexibility. The
table below shows typical measurement conditions for using the corresponding number of

frames:

Low

15 frames

For a short, fast measurement, since the trace length is of course
limited by the number of frames

To keep the exposure of the laser or duration of the electric field
as short as possible (for example, profile measurement of zeta
potential)

when running a fluorescence measurement with a fast photo-
bleaching fluorophore

Please note that the received distributions (size, zeta potential)
are somewhat wider in proportion as the estimate is based on
fewer data points (per trace as well as number of traces)

if the sample is not changing in the cell on a short time frame, the
number of frames selection will have no impact on the
concentration calculation

Med.

30 frames

Default setting

Optimal compromise between acquisition time and accuracy of
the data

The received distributions are narrower in proportion as the
results are based on much more data points (per trace as well as
number of traces)

High

60 frames

If a better resolution than with “Med” (default) is required
Acquiring data with this resolution can allow for the
measurement of a more accurate diffusion coefficient and thus a
more accurate size can be obtained

Acquisition time is longer

Highest

90 frames

If the best resolution is required
advantageous for large particles, from about 300 nm and larger
a long tracelength (60) is possible

At low concentration, for example below 50 particles in the image (corresponds to the
orange color in the “Number of Detected Particles” indicator; see section 6.1.3), an
increase in the number of cycles (e.g., 3x measurement of 11 position) is more
advantageous than an extension of the video.

It should be noted that the number of the frames should not be mixed up with the frame
rate (see section 8.2) which indicates how many frames per second are recorded.
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8.2 Frame Rate

The frame rate indicates the number of frames recorded or played back per time period
and is given in the unit fps (frames per second). Because the ZetaView® captures a
video for a size or zeta potential measurement, it takes a certain number of pictures to
be analyzed for the determination of the diffusion coefficient for each individual particle.

The frame rate sets the camera speed and thus the time interval between two
subsequent images. There are two ways for changing the frame rate. It can be adjusted
either by clicking on the camera control button, or in the Measurement tab by clicking
“‘Run Video Acquisition”.

@ Camera Control [DMK 33GX174] X l

) Cell Connected ‘ l £ ‘L i
Fluorescence Filter e jgad Detait f
Scatter (None) 5= Width Height Pixel Format Frame Rate
Sl Jeo ) as0 & Mono 8 4 30.00
405 488 520 640 ’ =
Position
0:5 S Gain
sy S Jros S —
100- 2000- 4 0 5 10 15 20 25 30 35 40 48
: . i =4
z S ) e
Z - 1)10000 T N R N TR
: 2 SE+25E+3 1E+4 2E+44 2E+4 E+4 E+4
- = Black Level
0- 32- A I
3 A L T (T AN RO AT A
)/65.0 o) 100 0 100 200 300 400 511

Scattering No, of Detected
Intensity  Partides

30- 1000-1 "
100= A
z FgO e EEEEIEEEE T

0- 1—-
19 126
Dilution
:) 150000

Figure 8-3: The frame rate can be adjusted in the camera control.
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File Administrator Help

Cell Check | Pump & Temp || Measurement ||Analysis

—Run Option:

z‘ Autosave .txt
Z‘ Autosave .pdf

:‘ Overlay

:‘ Multiple Acquisitions

—Number of Partides
Number of Partides Number of Particles
vs. Position vs. Sensitivity
400
350
,%j 300-|
T
£ 250~
&
D 200
£
S 150-|
H
100
B0 | ' ' |
0 20 40 60 80 1
Sensitivity
Temperature pH Conductivity Update
28.2 degC 246 musfom | Cond.

20201113 0010  |SRA_02

@ Size Distribution Video: Sample Parameters

D CustomEntry

Path - <please use the browse button to change the storage folder >

% Z:\New Samples\20201113_0010_SRA_02_size_488.avi =
SOP | Experiment Parameters
Select an SOP o) <NosoP> ] Reload
r—Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Options
Zetapot. Size Positions Fluorescence Filter
z‘ Autosave .bxt l: Set Temperature Scatter (None) 5= l
.m @ .ﬂm 7| Autosave .pdf Laser
| Multiple Acquisitions 405 488 520 840
# Cydes J Low Bleach
‘
./) 2
Low Med. High Highest
e el
r—Post Acquisition Parameters r—Concentration

Min Brightness £} 30
Max Area [} 1000

u Auto Brightness
[ | Mt Threshold

§i

Concentration Correction Factor

3 —Camera Control Compare
Min Area ) 5 l J PSD log Correction Sensitivity ] Frame Rate Compare the current values with the

A A SOP settings.

2 '} 65.0 '} 7.50 Applies to Camera Control

Tracelength ) 15 and some of the Post Acquisition
X Shutter Parameters
nm /Class (¢} 5 Classes [ Decade [} 64 g 100
! " / ", Jl Read Current
oK Cancel

Figure 8-4: The frame rate can be adjusted in the Measurement tab as well.

Small particles require a higher frame rate in order not to underestimate the mean
square displacement. The diffusion properties and thus the mean square displacement
will be smaller for larger the particles. The resolution of the displacement can be
improved by extending the time interval between two subsequent frames, i.e. reducing
the frame rate. Recommendations for camera settings are summarized in the next

table.
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Table 8.3: Summary of pre- and post-acquisition parameters. Frame Rate is highlighted in

blue.

Parameter PS PS PS PS PS PS PS PS

40 nm 100 nm (200 nm |300 nm [400nm |[500nm |600 nm |>600 nm

Sensitivity 80-90 65-70 60 60 50-60 50-60 50-60 50-60
S Shutter 50 100 100 150-200 | 200-300 300 500 500
)
2 |FrameRate | 0 o9 30 30-15 15 | 1575 | 75 |753.75| 3.75
o | (fps)
®
! | Resolution
o ium- ioh-
a | (Number of | Medium | Medium Mec.hum High ngh Highest | Highest | Highest

High Highest

frames)
S Ml‘nlmum 20 25 Auto Auto Auto Auto Auto Auto
p= Brightness
g Min Area 5 5 40 50 50 100 100 100
o
8 | Max Area 100 1000 2000 10000 10000 10000 10000 10000
)
(7]
S |Tracelength| <15 215 230 230 >30 245 245 245

Table 8.4: The length of the video per position is dependent on the framerate and on the
selected number of frames (Low, Med, High, Highest) that are adjusted for a measurement.

Video

Frame Rate (fps)

3.75 7.5 15 30 60
Low (15 frames) 4 sec. 2 sec. 1 sec. 0.5 sec. 0.25 sec.
Med. (30 frames) 8 sec. 4 sec. 2 sec. 1 sec. 0.5 sec.
High (60 frames) 16 sec. 8 sec. 4 sec. 2 sec. 1 sec.
Highest (90 frames) 24 sec. 12 sec. 6 sec. 3 sec. 1.5 sec.

The video lengths given in the table above are approximate and do not include the
computational analysis of the measurement after completion of the videos.
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8.3 Tracelength

Tracelength can be selected in the Measurement Menu under "Run Video Acquisition”
as well as in the Analysis tab and represents a post-acquisition parameter.

@ Size Distribution Video: Sample Parameters X
Experiment ID Custom Entry

20201113_0010 SRA_02
Path - <please use the browse button to change the storage folder>

8 Z:\New Samples\20201113_0010_SRA_02_size_488.avi =
SOP | Experiment Parameters |
Select an SOP... i) <No SOP> ] Reload
r—Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options z =
Zetapot. Size Positions uorescence Filter
P P Autosave .bxt D Set Temperature Scatter (None) 55—
&l [ 2 7] Autosave ot _ e
[_] Multiple Acquisitions 405 488 520 640
# Cydes [:I Low Bleach
A
Ui o2
Low Med. High Highest
—Post Acquisition Parameters —Concentration
Min Brightness 5) 30 [_] Auto Brightness :J 1 Concentration Correction Factor
MaxArea £ 1000 [ | MuitiThreshold
b ~Camera Control Compare
Min Area ") 5 [_] PSD log Carrection Sensitivity ~ Frame Rate Compare the current values with the
A 7 SOP settings.
o 5} 65.0 ﬁ 7.50 Applies to Camera Control
Tracelength .) 15 and some of the Post Acquisition
L ) ) Shutter Parameters
nm / Class :) 5 Classes [ Decade _') 54 ij 100 ead Cu
oK Cancel

Figure 8-5: Tracelength is selectable in the “Run Video Acquisitions” menu.

Post Aquisition Parameters

2 [Class G20 MaXZ oo PSD nm /Class 7J 5 [Pg;j:“eﬂ_i) 64
Max Area ’,) 1000
MinBrightness £J/30 M Area {J/s Tracelength &) 15 | Mt Threshold
r] Auto Erightness |— PSDlog Correction |y | New Traces m Show 11-Pos Table

Figure 8-6: Tracelength is selectable in the Analysis tab as well.

Tracelength specifies the minimum number of consecutive video frames in which a
particle must be tracked before being included in the final analysis and statistics.
Generally, the resolution of the particle size distribution is improved as the tracelength
is increased. For a 100 nm particle it is adequate to set the tracelength to 15.

139



{PARTICLE
METRIX
Additional video parameters and settings

This means that the particle must be present in at least 15 consecutive frames (per
video per measuring position) without leaving the focal plane or the field of view. It is
not recommended to set the tracelength to values below 10.

In the following figure, this is illustrated by way of example for an adjusted tracelength
of 15.

A
1. frame 15. frame Full trace of one particle
Tracelength of 15 fulfilled
B

INNNNERNENENENR ©

1. frame 15. frame Tracelength of 15 not fulfilled
Particle not in the statistics

Figure 8-7: A: A particle is tracked frame by frame over 15 consecutive frames in its movement. With
a default tracelength of 15, this particle is included in the analysis. B: A particle can only
be tracked for 9 consecutive frames before it leaves the focus or the field of view. This
particle is not included in the statistics.

Please note: If the tracelength is to be set to larger values, the resolution (Number of
Frames) may need to be increased. Otherwise, the advantage of being able to trace
particles with a higher number of frames is nullified because in this case the tracelength
exceeds the number of frames. The following table shows the relationship between the
resolution setting, number of frames and tracelength settings.
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Table 8.5: Resolution setting and corresponding tracelength settings.

Resolution | Number of Frames | Tracelength settings Recommended Tracelength settings
Low 15 10...15 7.5
Medium 30 10...30 15
High 60 10...60 30
Highest 90 10...90 45

It is recommended, to adjust “Tracelength” to half of the value of the Number of Frames

(Resolution) as shown in the last column of table 8.5.
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8.4 Auto Brightness

‘Auto Brightness” can be selected in the Measurement tab, under "Run Video
Acquisitions" as well as in the Analysis tab and represents a post-acquisition parameter
(ref. section 6.1.6).

File Administrator Help

I Cell Check l Pump & Temp l Measuranent‘ Analysis ‘

&
| Run Video Acquisition ‘ ) Cell Connected
Fluorescence Filter

Scatter (None) = ‘ E
——Run Options 20
v’ | Autosave .txt il .
e P
v’ | Autosave pdf Sl
0.6 = ]

Sensitivity ~ Shutter

Overlay 100- 2000~
Multiple Acquisitions

) 65.0 ) 100

Scattering No. of Detected
Intensity  Partices

—Number of Partides

30- 1000=
Number of Particles Number of Partides z
vs. Position vs. Sensitivity 100=
00 10+
350- 0- =
'Q 300~
b 1.7 132
& 250~ Dilution X
5 P « »
E 200~ 2 150000
5 Concentration: Partides /ml: [ Postacquisition Parameters Partide Drift at O vV
-

Min Bright. 1}) 30 Min Area 1'} 5

3 150- '
3 ‘ :
100- Measured  2.24E+7 Max Area ._‘} 1000 Check gtaron\(’ie Drift

50_6 2 F) 60 80 00 R .
d Last: 16:50:23
Original Aut AR
Sensitivity b uto Digital View 2020-11-13
Temperature pH Conductivity Update
28.2 degC 246 muSjcm | Cond.

Figure 8-8: “Auto Brightness” is selectable in the Measurement tab.
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@ Size Distribution Video: Sample Parameters X ‘

Experiment ID Custom Entry

20201113_0010 SRA_03
Path - <please use the browse button to change the storage folder >
9 Z:WNew Samples\20201113_0010_SRA_03_size_488_000.avi

SOP | Experiment Parameters

Select an SOP... ') <No SOP>

=

" Reload

——Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options T =
Zetapot. Size Positions luorescence Filter
E @lﬂ Autosave .bxt Set Temperature Scatter (None) v.
! ) Laser
[7| Autosave .pdf ;} 250
[ﬂ Multiple Acquisitions 405 488 520 840
# Cydes D Low Bleach
N '_) 3 Number of Experiments
; 17] Dose Sub Volume 9 4
Low Med. Hgh Highest Use Pump Time Delay (min)
e o g -
—Post Acquisition Parameters —Concentration
Min Brightness E) 30 [_] Auto Brightness ij 1 Concentration Correction Factor
Max Area ) 1000 || Multi-Threshold = C
2 —Camera Conf ompare
. .
Min Area ') 10 [_] PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
7 A SOP settings.
a § 70.0 S) 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
- i X Shutter Parameters
nm / Class (¢} 5 Classes / Decade ) 64 o 500 E———

0K Cancel

Figure 8-9: “Auto Brightness” is selectable in the “Run Video Acquisitions” tab.

Post Aquisition Parameters

76 | Class 9 13 MaxzP 9 128,1 PSD nm / Class 9 30

Max Area 9 1000

PSD Classes | £} g4
Decade \Y)

Min Brightness 2] 30 Min Area 9 5 Tracelength 9 15 D Multi-Threshold
l:‘ Auto Brightness l:‘ PSD log Correction Mew Traces Show 11-Pos Table
| Display | Info |

Scatter Plot

Figure 8-10: “Auto Brightness” is selectable in the Analysis tab.

“‘Auto Brightness” should be used on particles larger than 200 nm that have low
diffusion behavior. When “Auto Brightness” is enabled, the ZetaView® device does not
use the selected minimum brightness but re-calculates the minimum brightness for
each frame of a video. This method prevents overexposure of the particles with regard
to the brightness values and ideally makes the particles appear round.
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For monomodal distributions this works well, for multimodal distributions the main
mode is increasingly identified. For better results, the “Auto Brightness” function can
be combined with the “Multi-Threshold” function. Please note: if the number of detected
particles is rather low (<50), and the scattered light of the particles is weak, the “Auto
Brightness” function cannot calculate optimum minimum brightness.

8.5 Multi-Threshold

“‘Multi-Threshold” refers to the minimum brightness setting. It is especially
recommended for multimodal mixtures and for particles larger than 200nm in size and
with different scattering behavior. When “Multi-Threshold” is enabled, “Auto
Brightness” calculates optimal brightness for each frame of the video.

With this method, the center-of-gravity coordinate of each individual particle can be
more accurately determined. In addition, this method also stabilizes the center-of-
gravity coordinate to increase tracking efficiency. For better results, the “Multi-
Threshold” function can be combined with the “Auto Brightness” feature.

Post Aquisition Parameters

P /Class H[13  MaxZP 1351 PSDrm /Class 4|30 PSD Classes/ %j/qq
/ ) ! 'J / ) Decade /J

Max Area ‘/J 1000

Min Brightness .‘_) 30 Min Area .‘-) 5 Tracelength :—) 15 Multi-Threshald |
l:‘ Auto Brightness l:‘ PSD log Correction Mew Traces Show 11-Pos Table
| Display | Info | Scatter Plot

Figure 8-11: “Multi-Threshold” is selectable in the Analysis tab.

8.6 PSD log correction

PSD log correction is a function that was originally introduced to correct the logarithmic
PSD histograms class by class with a correction value.

Although this feature can still be activated, it is strongly recommended not to use it.
Instead, the post-acquisition parameters (ref. section 6.1.6) comprise a feature to
specify the classes / decade (ref. section 11.2).
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9 Standard Operating Procedures (SOPs)

If certain samples or sample sets must always be measured with precisely defined
settings, it makes sense to save all these settings and measurement parameters in an
SOP (Standard Operating Procedure). This avoids having to enter these settings again
and again manually. Furthermore, the convenience of operating the ZetaView® is
thereby significantly increased. In the ZetaView® software, all pre-acquisition
parameters and post-acquisition parameters can be easily saved in an SOP, they can
be updated, compared with the current settings, and deleted as well. In the figure
below, the parameters which can be stored in an SOP are highlighted in red.

@ Size Distribution Video: Sample Parameters X ‘
Experiment ID Custom Entry

20201113_0010 SRA_03
Path - <please use the browse button to change the storage folder >

8 Z:\New Samples\20201113_0010_SRA_03_size_488_000.avi EI

SOP | Experiment Parameters

Selectan SOP... (g <NoSOP> "] Reload
——Description
Save Current Settings as New SOP
Delete SOP Update SOP
Experiment . [EOptions !
Zetapot.  Size Positions Fluorescence Filter
. ZI Autosave .bet lz Set Temperature Scatter (None) v.
E m ﬂlﬂ 7| Autosave .pdf :} 5.0 Laser
\/| Multiple Acquisitions 405 488 520 840
# Cydes J Low Bleach
9 3 Number of Experiments
‘ ‘V/] Dose Sub Volume ;} 4
Low Med. High Highest Use Pump Time Delay (min)
] [ = t
-l»Pcst Acquisition Parameters I -I;Cmcentraum II
Min Brightness :—) 30 u Auto Brightness i} 1 Concentration Correction Factor
Max Area £ 1000 [ | Mult-Threshold m—— -
- amera Con ompare
r .
Min Area 'J 10 \_| PED log Correction Sensiuvity  Frame Rate Compare the current values with the
7 A SOP settings.
g *} 7.0 '} 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
- i ) Shutter Parameters
nm / Class 't} 5 Classes [Decade 1) 64 ) 500
/ ) / ) V} Read Current
0K Cancel

Figure 9-1: All parameters highlighted in the red boxes can be saved in an SOP.
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All saved SOPs can be easily selected via the drop down menu.
Path - <please use the browse button to change the storage folder >
% Z:\New Samples\20201113_0010_SRA_02_size_488.avi BI
SOP | Experiment Parameters
Select an SOP... v <No SOP> @ Reload
- . Au20nm_488nm
——Description ]
AutoAlignment b"q’ as New SOP
DailyPerformance
DR_640nm Update SOP
Extracellular_Vesides_Fluorescence
T — NYO_520nm
- PS5100nm_405nm Fluorescence Filter
Zetapot. Size
PS100nm_488nm )erature Scatter (None) T‘
P5100nm_520nm —
PS100nm_640nm
Test 405 488 520 &40
test_pump3
¥G_405nm
¥G_488nm
ZP_Control
ZP_PS100nm
ZRosa
™7
—Post Acquisition Parameters —Concentration
Min Brightness :) 30 |_| Auto Brightness :} 1 Concentration Correction Factor
Max Area :j 1000 D Multi-Threshold
A ~Camera Control COMPEre — e
Min Area ") 5 |_| PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
7 A SOP settings.
A V} 20 U‘ HL0U Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
) Shutter Parameters
nm / Class £) 5 Classes [Decade 1) 64 ) 100
/ ", / -J r) Read Current
oK Cancel

Figure 9-2: Dropdown menu, where all saved SOPs can be accessed.

The parameters of the “AutoAlignment” and “Daily Performance” (see sections 6.2.2
and 6.2.5) are also saved as an SOP. Basically, both functions are optimized for the
100 nm polystyrene standard particles and must be started via the Cell Check tab.
However, if these two functions are to be used with other particles (e.g. SiO2 or other
technical particles), the user can adjust the parameters “AutoAlignment” and “Daily
Performance” in the SOP tab according to his requirements.

9.1 How to create an SOP

In order to create an SOP, the procedure is the same as when you want to start a
measurement. First you need to adjust all parameters for the measurement in the SOP
tab under "Measurement" and "Run Video Acquisition”.

Once all settings have been made, a new SOP can be saved by clicking on "Save
current settings as new SOP" and specifying an SOP name. In the example below, an
SOP is stored under the name Mesenchym (extracellular vesicles derived from
mesenchymal cells).
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@ Size Distribution Video: Sample Parameters X
Experiment ID Custom Enfry
20201113 0010 SRA_02
Path - <please use the browse button to change the storage folder >
% Z:\New Samples\20201113_0010_SRA_02_size_488,avi B]
S0P | Experiment Parameters |
Select an SOP... 3 <No SOP> " ] Reload
——Description
I Save Current Settings as New SOP I
Delete SOP Update SOP
—Experiment @ Enter a Name for the new SOP L ‘
Zetapot. Size Positions Fluorescence Filter
et Temperature Scatter (None) \—‘
i -ED Please enter a descriptive SOP Name.
| Laser
»u
405 488 640
Cont.Pulsed ) # Cydes I Mesenchym
ul _rj 3
Cont - Low Med. Hig
= EE 0K Cancel

Tracelength 9 15

nm / Class {5

Classes /Decade £ 64

Shutter

8150

1
~—Post Acquisition Parameters ~—Concentration
Min Brightness 9 30 D Auto Brightness ?) 1 Concentration Correction Factor
MaxArea 1000 | | MultiTreshold s -
~—Camera Con ompare
i’
Min Area a 10 [_] PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
;} 75.0 9 30.00 eI

Applies to Camera Control
and some of the Post Acquisition
Parameters

Read Current

oK Cancel

Figure 9-3: In this example, a size measurement with 11 positions and the corresponding pre-
(camera control) and post-acquisition parameters are saved as an SOP. After specifying the
SOP name, the ""OK" button becomes active after clicking ""Enter'" on the keyboard.
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@ Size Distribution Video: Sample Parameters X ‘
Experiment ID Custom Entry
20201113_0010 SRA_02
Path - <please use the browse button to change the storage folder >
9, Z:WNew Samples\20201113_0010_SRA_02_size_488.avi [i]
SOP | Experiment Parameters
Select an SOP... i) Mesenchym J Reload

——Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options
Zetapot. Size Positions Fluorescence Filter
:‘ Autosave .bxt l: Set Temperature Scatter (None) v.
m ﬁ@m 7| Autosave .pdf . Laser
| I Multiple Acquisitions 405 488 520 840
# Cydes J Low Bleach
i) 3
Low Med. High Highest
~Post Acquisition Parameters — Concentration
Min Brightness :J 30 u Auto Brightness i} 1 Concentration Correction Factor
Max Area £} 1000 [ | Mult-Threshold
b4 ) —Camera Control Compare
Min Area ;} 10 \_| PSD log Correction Sensitivity  Frame Rate Compare the current values with the
7 A SOP settings.
g *} 7.0 ') 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
- i  Shutter Parameters
nm [ Class :) 5 Classes [ Decade :) 64 i} 150 ~—ar
0K Cancel

Figure 9-4: Once a new SOP has been saved, it is directly selected and activated. This can be
recognized by the fact that the corresponding SOP name can be seen in the drop-down
menu "'Select an SOP" and that a green light is visible. With a click on "OK”, a
measurement is started with the parameters in this SOP.

It should be noted that a selected and activated SOP will be disabled immediately, as
soon as at least one of the saved settings is changed. This is confirmed by the fact that
the green light jumps to red. The corresponding SOP is then still selected but inactive.
A subsequent measurement is then performed with the measurement parameters set
last. This is shown in the next two screenshots.
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@ Size Distribution Video: Sample Parameters X ‘

Experiment ID Custom Entry

20201113 0010 |SRA_02
Path - <please use the browse button to change the storage folder >
9, Z:\New Samples\20201113_0010_SRA_02_size_488.avi

SOP | Experiment Parameters ‘

=

Select an SOP... 3 Mesenchym > Reload
——Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options = =
Zetapot. Size Positions orescence Filter
" Autosave .bxt D Set Temperature Scatter (None) v‘
1 T F1EY | Autosave o e
[ e Acquttions s
Cont.Pulsed # Cydes D Low Bleach
l Ui a 3
Co ous: < 2mS/am Low Med. High Highest
> 2mS/fa
(=
—Post Acquisition Parameters — Concentration
Min Brightness 9 30 [l Auto Brightness 3 1 Concentration Correction Factor
wexArea £ 1000 | | Mult-Threshold
3 ) —Camera Control Compare
Min Area ﬂ 10 D PSD log Correction Sensitivity  Frame Rate Compare the current values with the
A A SOP settings.
é 75.0 9 30.00 Applies to Camera Control
Tracelength g 15 and some of the Post Acquisition
Shutter Parameters
om /Class §s Classes / Decade {64 8§10 -
0K . Cancel

Figure 9-5: The SOP ""Mesenchym™ is selected and activated, which is indicated by the green light.
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If you change at least one parameter of an activated SOP, this SOP becomes inactive,

but the name of the SOP is still visible.

@ Size Distribution Video: Sample Parameters
Experiment ID Custom Entry
20201113_0010 SRA_02
Path - <please use the browse button to change the storage folder >
9, Z:\New Samples\20201113_0010_SRA_02_size_488.avi

SOP | Experiment Parameters ‘

x|

=]

Select an SOP... :r) Mesenchym @ Reload
——Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options = =
Zetapot. Size Positions orescence Filter
L Autosave .bxt D Set Temperature Scatter (None) 5
&l = [ 2] — L=h
I:I Multiple Acquisitions 405 488 520 640
Cont.Pulsed #Cydes DLWBIeadl
A
ul ;) 3
tinuous: < 2 mScm Low Med. High Highest
~Post Acquisition Parameters ~—Concentration
Min Brightness (£} 30 [ | uto Brightness ;) 1 Concentration Correction Factor
Max Area 3 1000 l:‘ Multi-Threshold
? : Compare
R a 10 [—] PSD log Carrection Sensitivity | Frame Rate Compare the current values with the
’ . SOP settings.
F :J — :) 3000 Applies to Camera Control
Tracelength J 15 and some of the Post Acquisition
) ) Shutter Parameters
nm / Class (¢} 5 Classes / Decade 7} 64 Q 150 e
oK Cancel

Figure 9-6: In this example, the sensitivity has been changed from 75 to 85 compared to the previous
screenshot. The SOP is now inactive, indicated by the red light.

150



{PARTICLE

METRIX
Standard Operating Procedures (SOPs)

9.2 Update of an SOP

If an existing SOP is to be updated with updated measurement parameters, it is saved
under the same name by clicking on "Update SOP". The measurement parameters of
the original SOP will be overwritten.

@ Size Distribution Video: Sample Parameters X
Experiment ID Custom Enfry
20201113_0010 SRA_02
Path - <please use the browse button to change the storage folder>
9, Z:WNew Samples\20201113_0010_SRA_02_size_488.avi h[
SOP | Experiment Parameters |
Select an SOP... .’J Mesenchym " ] Reload
—Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment. Options = =
Zetapot. Size Positions uorescence Filter
E E 1 u Autosave .txt Set Temperature Scatter (None) \—I
- % ' 0 Laser
405 488 520 640
. Are you sure that you want to overwrite the current SOP settings?
# Cycles
A
ul }') s Yes No

Low Med. High rignest
= o ] ]
—Post Acquisition Parameters ~—Concentration
Min Brightness a 30 [_] Auto Brightness :r} 1 Concentration Correction Factor
Max Area £ 1000 [ | MultiThreshold
b+ ) —Camera Control Compare
Min Area ') 10 [_] PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
A 7 SOP settings.
A J 85.0 _') 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
v ' ) Shutter Parameters
nm / Class 7} 5 Classes /Decade 1) 64 ) 150
/ J / J 5) Read Current
oK Cancel

Figure 9-7: Measurement parameters can be updated by clicking the button ""Update SOP'. The
settings of the original SOP are overwritten. The SOP name is retained.

Once the SOP has been updated, it is selected and activated, as indicated by the green
light.
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@ Size Distribution Video: Sample Parameters X ‘

Experiment ID Custom Entry

20201113 0010 |SRA_02
Path - <please use the browse button to change the storage folder >
9, Z:\New Samples\20201113_0010_SRA_02_size_488.avi

S0P | Experiment Parameters ‘

=

Select an SOP... 3 Mesenchym I > I Reload
——Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options = =
Zetapot. Size Positions orescence Filter
" Autosave .bxt Set Temperature Scatter (None) v‘
1 T F1EY | Autosove o §ao Lo
|| Multiple Acquisitions 05
Cont.Pulsed # Cydes D Low Bleach
] £
EZI‘[ \jl,‘[-,.s: <2 r, cm Low Med. High Highest
—Post Acquisition Parameters — Concentration
Min Brightness 9 30 [l Auto Brightness a 1 Concentration Correction Factor
wexArea £ 1000 | | Mult-Threshold
3 ) —Camera Control Compare
Min Area ﬂ 10 D PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
SOP settings.
feso P00 Apples to Camera Control
Tracelength g 15 and some of the Post Acquisition
Shutter Parameters
nm / Class §) 5 Classes / Decade £} 64 8§10 S T——
0K | | Cancel

Figure 9-8: After an SOP has been updated, it is activated, recognizable by the green light.
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9.3 Reload of an SOP

As mentioned above, an SOP is activated immediately, once it is selected from the
drop-down menu. This means that a subsequent measurement is performed with the
corresponding parameters that are saved in the SOP. A selected and active SOP
becomes inactive if at least one parameter is changed either in the Measurement tab
or in the SOP menu. For example, if, after a measurement with an active SOP, the
shutter in the Measurement tab is changed, the selected SOP is inactive. The same
applies if at least one setting in the SOP menu is changed.

With the button "Reload" the already selected, but inactive SOP can be quickly loaded
and activated again without having to go the more complicated way via the drop-down
menu.

@ Size Distribution Video: Sample Parameters X ‘
Experiment ID Custom Entry

20201113_0010 SRA_02
Path - <please use the browse button to change the storage folder >

8 Z:\New Samples\20201113_0010_SRA_02_size_488.avi EI

SOP | Experiment Parameters

Selectan SOP... (g EVs_Fluor ] Reload
—Description
Save Current Settings as New SOP
Delete SOP Update SOP
~—Experiment —Options = =
Zetapot. Size Positions luorescence Filter
P z‘ Autosave .bxt lz Set Temperature Scatter (None) 5=
B [z oz G e
| | Multiple Acquisitions 405 488 520 &40
# Cydes J Low Bleach
i) 2
Low Med. High Highest
—Post Acquisition Parameters —Concentration
Min Brightness :—) 30 u Auto Brightness ;} 1 Concentration Correction Factor
Max Area 51000 [ | MutiThreshold
y ) —Camera Control Compare =
Min Area ") 100 u PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
A A SOP settings.
’ o 60.0 o 30.00 Applies to Camera Control
Tracelength .-J 15 and some of the Post Acquisition
¢ . ) Shutter Parameters
nm / Class :) 5 Classes [ Decade :)6-1 ;} 100 Read G T
0K Cancel

Figure 9-9: In this example, the SOP “EVs_Fluor” is selected but not activated.
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@ Size Distribution Video: Sample Parameters X ‘

Experiment ID Custom Entry

20201113 0010 |SRA_02
Path - <please use the browse button to change the storage folder >
% Z:\New Samples\20201113_0010_SRA_02_size_488F500.avi

S0P | Experiment Parameters ‘

Select an SOP... 3 EVs_Fluor

=

Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options = =
Zetapot. Size Positions orescence Filter
- Autosave txt SetTemperature | somm |
[l [E2]1] V| Autosave od §os Lo
|| muttiple Acquisitions 05
Cont.Pulsed #Cydes D Low Bleach
] 92
i:ni\jl,‘[-,.,-: < 2 C Low Med. High Highest
—Post Acquisition Parameters —Concentration
Min Brightness 9 30 [l Auto Brightness a 1 Concentration Correction Factor
wexArea §) 1200 | | Mult-Threshold
- ) —Camera Control Compare
Min Area ﬂ 100 D PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
SOP settings.
Heoo P00 Apples to Camera Control
Tracelength g 15 and some of the Post Acquisition
Shutter Parameters
nm / Class §) 5 Classes / Decade £} 64 8 10 S T——
0K | | Cancel

Figure 9-10: After clicking “Reload”, the selected SOP “EVs_Fluor” is reloaded and becomes

activated.
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9.4 Delete an SOP

The deletion of an SOP is done with the button "Delete SOP". The SOP to be deleted
must be selected. The SOP can be deleted either in the active (green light) or in the
inactive (red light) state.

SOP Experiment Parameters
Select an SOP... E,! Mesenchym J Reload
Description
Save Current Settings as New SOP
Delete SOP Update SOP
r—Experiment 1 r—Options

Figure 9-11: Deleting the SOP “Mesenchym”.

9.5 Compare the current SOP settings with the current measurement
parameters

Sometimes it is useful to compare the settings made manually in the "Measurement”
main menu (see screenshot below) with those parameters of a currently selected SOP.
Such a comparison can be done quickly and easily with the button "Read Current". As
an example of such a comparison, first the measurement parameters are shown, which
were set manually in the Measurement tab.

) Cell Connected

Fluorescence Filter E
Scatter (None) = ‘

Laser m
405 488 520 640 .

Position
05 & ] E

Sensitivity Shutter
100- I 2000- l
e
} 100

Scattenng No. of Detected
Intensity  Partides

30- 10002 i
100
10=

0- 1-
28 100
Dilution
1),: 150000

Figure 9-12: Manually adjusted current measurement parameters (pre- and post-acquisition).

If you now select and activate an SOP in the SOP menu, the previous manually
adjusted measurement parameters are obscured by the SOP menu (see below).
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File Administrator Help

[ cell check | Pump & Temp | Measurement |

Run Video Acquisition

—Run Opti

Autosave .txt
Autosave .pdf

D Overlay

[ | Muttiple Acquisitions

—Number of Partides

vs. Position

Number of Particles ‘ | Number of Partides
vs. Sensitivity

400

350 -|

§ x0-
& 250

“
=]

§M
150-|
2

100-

50 “i 1 1 [l 1
0 2 0 60 80
Sensitivity

Temperature pH  Conductivity Update
219 degC 227 muS/am | Cond.

@ Size Distribution Video: Sample Parameters X
Experiment ID Custom Entry
20201113 0010  |SRA_02
Path - <please use the browse button to change the storage folder>
% Z:\New Samples\20201113_0010_SRA_02_size_488.avi =]
SOP | Experiment Parameters
Select an SOP... .’-) Au20nm_488nm ) Reload
r—Description
Au20nm 135,000 Seve Covest Seifings ax Hew S0P
Delete SOP Update SOP
[ i Filte
Zetapot. Size Positions luorescence Filter
= P Autosave .txt D Set Temperature Scatter (None) 5=
e [ [l [7] Asoreve o : .
l_l Multiple Acquisitions 405 488 520 640
Cont.P #Cydes D Low Bleach
a
ul ") 2
Low Med. High Highest
r—Post Acquisition Par: r—Concentration
Min Brightness 7} 30 [ auto Brightness o Concentration Correction Factor
Max Area £} 30 [ Mt Threshold
1 —Camera Control -Compare
Min Area £} 5 [ ] psntog correction Sensitivity  FrameRabe Conpere the current values with the
A A SOP settings.
a 5) 820 F} St Applies to Camera Control
Tracelength ,) 7 and some of the Post Acquisition
- v  Shutter Parameters
nm / Class E) 5 Classes / Decade E) 64 i) 100 —

Figure 9-13: SOP menu with a selected and activated SOP. The currently adjusted measurement
parameters, as shown in the previous figure, are obscured by the SOP menu here.

By clicking on "Read Current", the current, manually adjusted measuring parameters
can now be called up without leaving the SOP menu (see below).

File Administrator Help

(‘alﬂud(lhmp&‘l‘emp' _éAnq.i o ” -
- ‘ Experiment ID Custom Entry
Run Video Acquisition
20201113 0010  SRA_02
Path - <please use the browse button to change the storage folder >
[—Run Opt % Z:\New Samples\20201113_0010_SRA_02_size_488.avi =]
Autosave .txt SOP | Experiment Parameters
Autosave &
»df Select an SOP... L) Au20nm_488nm " ] Reload
r—Description
[ | overlay Au20nm 1:5,000 Save Ceeat Settings s ew S0P
[ ] muteipe acquisttons Delete S0P Update S0P
—Options
Fluorescence Filter
Zetapot. Size Positions
P e Autosave .txt D Set Temperature Scatter (None) 52
el B @] g — : el
—Number of Partides —— | [ ] Muitiple Acquisitions 05 58 50 &0
Number of Partides Number of Partides cont.P . D
vs. Position vs. Sensitivity - ¥ Cydes Low Dlsach
7
400 ul ') 2
350 Low Med. High Highest
fo e = e ]
& 250~
% 200 —Post Acquisition Par: —Concentration
3 150 Min Brightness E) 30 u Auto Brightness ;} 1 Concentration Correction Factor
100- MaxArea {1000 [ | muitThveshoid
b —Camera Control Compare
o T px F—S e Min Area ({) 5 [ ] psp1og correction Sensitivity  Frame Rate Compare the current values with the
} A A SOP settings.
Sensitivity a J 7.0 J 30.00 Applies to Camera Control
Tracelength &) 7 and some of the Post Acquisition
g Shutter Parameter:
Temperature pH  Conductivity Update nm / Class :) 5 Classes / Decade :) 64 :) 100 ST
22.3 deqC 227 muSjem | Cond arent

Figure 9-14: The button ""Read Current' shows the current measurement parameters, which were
set manually in the foreground of the measurement tab.
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By alternately clicking "Read Current" and "Reload”, the current measurement
parameters ("Read Current") and the measurement parameters of the corresponding
selected SOP ("Reload") can be displayed in the SOP menu, so that they can be
compared very easily.

@ Size Distribution Video: Sample Parameters X
Experiment ID Custom Entry
20201113_0010  SRA_02

Path - <please use the browse button to change the storage folder >
% Z:\New Samples\20201113_0010_SRA_02_size_488.avi E‘

SOP | Experiment Parameters

Selectan SOP... £ Au20nm_438nm ") Reload
—Description
Au20nm 1:5,000 Save Current Settings as New SOP
Delete SOP
—Experiment r—Options
Zetapot. Size Positions
. Autosave .bxt D Set Temperature
<l B @] ] Actosave =
D Multiple Acquisitions
t # Cydes D Low Bleach
A
ul 92
t Low Med. High Highest
r—Post Acquisition Parameters —Concentration
Min Brightness 9 30 D Auto Brightness 9 1 Concentration Correction Factor
Max Area ) 30 Multi-Threshold
f.’ D —Camera Control
Min Area J 5 u PSD log Correction Sensitvity  Frame Rate
) 9 87.0 :r) 30.00
Tracelength :r) 7 Shaitter
nm  Class ' s Classes / Decade £} 64 100

Figure 9-15: Alternate clicking on ""Read Current’ and ""Reload" allows a comparison between the
settings of the selected SOP and the currently set measurement parameters.
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9.6 Change and add viscosity settings

As already mentioned in chapter 7, the ZetaView® instrument uses the Stokes-Einstein
relationship to determine the diffusion coefficient and thus the hydrodynamic diameter
of a particle. An essential role is played by the viscosity of the liquid in which the
particles are suspended. By default, the ZetaView® device is calibrated to the viscosity
of water. Alternate solvents have different viscosities, depending on their composition.
Since the number and composition of candidate solvents is large, a complete collection
of all solvents and their corresponding viscosities cannot be offered by Particle Metrix,
rather, the software allows the user to customize the software to match requirements.

It is up to the user to add viscosities from other liquids to the ZetaView® software at a
later date. The viscosity of water is stored in a text file named "default” in the viscosity
folder.

&« = ~ TI > ThisPC > Windows (C:) > Program Files (x86) * ZetaVIEW » I

¥ Downloads ~ Name Date modified Type Size

5 Documents AuditTrail File folder

=] Pictures AutoAlignment File folder

ZetaVIEW Backup File folder

2020-11 Calibration Data File folder

BDA Docu File folder

Neu Lagarith File folder

New Samples Nve File folder

NVS File folder

@, OneDrive Report File folder

« B This PC Scripts / ) 11:32 PM File folder

op 13 45 PM File falder

¥ 2D Objects 1 ©loee

11/13/2020 12:11 PM File folder

[ Desktop _

| Back Out Of Limits.aliases
Back Out Of Limits

6/ 44 PM ALIASES File 0K
| Documents

Application 884 KB

Figure 9-16: Location of the “default” text file for the viscosity of water.

If you want to measure particles dissolved in a liquid that has a viscosity other than
water, you will need to create a new text file with new viscosity values. For this the
"default” file can be used as a template. In the viscosity folder, open the "default” text
file. The text file contains a table with different temperatures and associated viscosities
in mPas (millipascals).
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Home Share Wiew
«— v 1 » ThisPC > Windows (C:) > Program Files (x86) > ZetaVIEW > viscosity
Name - Date modified Type
3 Quick access
I Desktop =l Default 6/16/2020 12:44 PM Text Document
¥ Downloads

= Documents
= Pictures
ZetaVIEW
2020-11
BDA
Neu

Mew Samples
@ OneDrive

= This PC

J 3D Objects
I Desktop

= Documents
¥ Downloads
J” Music

= Pictures
E Videos
. Windows (C:)

| Default - Notepad

File Edit Format View Help
T/degC Vviscosity/mPas

©.000000
10.000000
20.000000
30.000000
40.000000
50.000000
60.000000
70.000000
80.000000
S@.000000
100.000000

1.

1.

[s>IRL <IN <~ R~ e B~ R o~ o ]

793000

02000
797700
653200
547000
466500

.404000
.354480
.314580
.281880

Ln 3, Col 100%  Windows (CRLF)

UTF-8

Figure 9-17: ""Default™ text file with the viscosity values (marked in red) for water.

In order to enter the viscosity for the desired solvent, it is necessary to change the
viscosity values for the corresponding temperatures and then save the text file with a
new name in the viscosity folder. Please note that it is not necessary to enter the
viscosity for all temperatures. Most measurements are done at room temperature, so
values above 50°C and below 10 °C can be omitted. It is necessary to include at least
two viscosity values in the temperature range of interest.
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' ZetaVIEW > viscosity v O A Searct
~
Name Date modified Type Size
=] Default 6/16/2020 12:44 PM Text Document 1KB
|
File Edit Format View Help
T/degC Viscosity/mPas
0.000000 1.9
10.000000 1.4
20.000000 1.1 =
30.000000 8.9 | save As X
408.000000 e.7 i
50.000000 9.6 T « ZetaVIEW > viscosity v O & Search viscosity
60.000000 9.56
70.000000 8.5 Organize ~ New folder = - e
86. 000000 e.4 |5 Documents ~ N . Dat dified Ty 5
00. 000000 0.3 =] ame ate modifie ype ze
100.000000 0.2 = Plctures E Default 6/16/2020 12:44 PM Text Document 1
ZetaVIEW
2020-11
BDA
Ln 12, Cc 100% Windows (CR|
Neu
New Samples
@ OneDrive
= This PC
o v < >
IR ET SR iscosity_for_New_Liquid v
Save as type: Text Documents (*.txt) ~
~ Hide Folders Encoding: |UTF-8 e Cancel

Figure 9-18: Example of changed viscosity values. Changes should be saved with a new name in the
viscosity folder.

For each solvent used, the viscosity values for different temperatures must either be
determined experimentally by the user or looked up in the relevant literature. Once the
new viscosity table has been created and saved in the viscosity folder, it can be
selected in the ZetaView® software from the drop-down menu under the appropriate
file name.

160



Standard Operating Procedures (SOPs)

{PARTICLE

METRIX

@ Size Distribution Video: Sample Parameters
Experiment ID Custom Entry
20191120_0057  Samplel

Path - <please use the browse button to change the storage folder >
9 7:\Tobi\20191120_0057_Sample1_size_000.avi

sop  Experiment Parameters

—Sample & Electrolyte

Sample Name
Sample 1

Electrolyte

Dilution

Solvent (for Viscosity Calculation)
"

91 8 Defouit

Temperature

pH Conductivity
970 277

28.4 degC

pS/em

—Remarks / Sample Info

—Options

D Overlay

down menu.

Cancel

Figure 9-19: The new viscosity can be selected in the “Experiment Parameters” tab from the drop-
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10 Analysis menu (size measurement)

The Analysis Menu is called automatically after a size measurement is completed. In
the left part of the Analysis Menu, the empirical percentiles (X values), peaks,
concentration of the particles in a desired size range (region of interest; ROI), the
traces found, and the total measured particle concentration are shown. The right part
of the Analysis Menu shows the histogram of the patrticle size distribution (PSD).
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Figure 10-1: On the left side the percentiles, peaks, ROI, traces found and the measured particle
concentration (Apparent Particles / ml) are shown (red frame on the left). The histogram
(or the cumulative distribution) of the particle size distribution (PSD) is shown in the right
part (red frame on the right)

pS/fem

10.1 Number-weighted, concentration-weighted, volume-weighted
distribution

The ZetaView® software can display the histogram in three different distributions. With
the number-weighted distribution the absolute number of particles is plotted against
the particle size, with the concentration-weighted distribution the measured particle
concentration is plotted against the particle size and with the volume-weighted
distribution the volume of the particles is plotted against the particle size.
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The ZetaView® software enables fast switching between the three types of
distributions. The corresponding buttons are then marked green in the ZetaView®

software.

- Video Type
Size Distribution
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Duration 1.0 sec

B | #Cydes2
# Positions 11

des /mL 6.0E+7

Display ‘ Info |

[ 5] o I A B
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Figure 10-2: Number-weighted distribution.
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Figure 10-3: Concentration-weighted distribution

The particle concentration determined by the ZetaView® is based on the measured
number of particles. Therefore number-weighted distribution and concentration-
weighted distribution correlate to each other. Due to this correlation, the percentiles as
well as the values for span, mean and standard deviation are identical.

163



{PARTICLE
METRIX
Analysis menu (size measurement)

e iy ||
Size Distribution _

— [ad o) [ BN A4 =
s 0o saxe- -

2 Pocttions 11 3.0E48- 20191203 0016 Chiara size.avi 1000101301 |1

2.8E+8-
2.6E48—
2.4E48-|
2.2E+8-
2.0E+8-

E 1.8E+48-
=

1.0E48-
8.0E+7-

r—Data —
6.0E+7-

2.0E+7-

0.0E+0-, / y | T
B — 1 2 5 1 20 50 100 200 500 1000 2000 5000 10000
s/mL 6.0E+7 Diameter /nm

Figure 10-4: Volume-weighted distribution.

With volume-weighted distribution, the volume of the particles is calculated based on
ideal spherical particles and the spherical formula.

3
4 @
Number (@) - §7'[- [EJ

Number (@) is the number of (traced) particles as a histogram. This represents to the
number of particles that are assigned to the diameter @ in the corresponding histogram
bin class.

10.2 Linear and logarithmic plotting of the histogram

The histogram can be displayed in a linear as well as in a logarithmic plot. Both are
based on the corresponding linear and logarithmic data records, which are stored in
the text file (see chapter 11). It should be noted that both, the peaks and the percentiles
can have slightly different values for the linear and logarithmic display. This is normal
and strongly depends on how the bin classes “PSD nm / Class” (see section 11.1) in
the linear plot are selected. The two figures below show a linear and a logarithmic plot
of the histogram of the same measurement.
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Figure 10-5: The histogram in a linear plot. The bin class “PSD nm / Class” was set to 5 here.
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Figure 10-6: The histogram in a logarithmic plot.

The smaller the bin classes for the linear values (see chapter 11), the closer the
percentiles and the values for span, mean and standard deviation are to those of the
logarithmic plot. The differences in these values between linear and logarithmic
representation become greater the larger the bin classes are adjusted in the linear plot.
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10.3 Distributive and cumulative plotting of the histogram

The ZetaView® software can present the measurements distributively, cumulatively or
distributively and cumulatively in a diagram. The green color of the corresponding
button indicates which display is currently active.

Video Type .  Display |Infn | Scatter Plot
Size Distribution
R’
— (2] o) [ @) ESIE Al A~ ]
Duration 1.0 sec 65 |
:m 1 . 20191203 0016 Chigra size.avi [100J1101301 [ L
128722, 6
55-
50-
45-
M 40-
35-
30-
25-]
20-
15-
10-
5-|
ARA
0-, 1 | | | 1 T |
1 2 5 o 20 50 100 200 500 1000 2000 S000 10000
s/mL 6.0E+7 | Diameter / nm

Figure 10-7: The histogram in the distributive plot.
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Figure 10-8: The cumulative plot is shown.
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Figure 10-9: Distributive and cumulative plot.

10.4 Summation, normalization, averaging and smoothing of the
measurement data

Summation:

The ZetaView® software can sum up result data of several measurements. To use the
function, two or more results must be plotted in the diagram window at the same time.
Please note that all histograms that are to be summed must have the same settings
for "PSD nm / Class" and "Classes / Decade". In the following two plots, two
measurements are shown, before and after the histogram data is summed. The
accumulation works for number-weighted distribution, concentration-weighted and
volume-weighted display, as well as for distributive and cumulative plots.
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Figure 10-10: The diagram shows the histograms of two measurements that have not yet been

summed.
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Figure 10-11: Result after summation of the histogram data derived from both measurements. To

sum, the X button is to be clicked.
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It should be noted that after the histogram data of all measurements have been
summed, new results for the percentiles, peaks, Traces Found and number of particles
are reported (highlighted in blue in the above screenshot). The reason for this is that
the histogram data of all measurements are taken into account for the summation.

The new results and the new histogram cannot be saved as a new pdf report or new
text file but can be saved as a screen shot.

Normalization:

Normalization can only be carried out with at least two or more data records
(histograms). Normalization displays the histogram data in relative scale on the graph.
The peaks of the histograms are set to 1 or 100%, respectively.
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Figure 10-12: The graph shows the histograms of two measurements that are not yet normalized.
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Figure 10-13: The diagram shows the histograms of two measurements, after normalization.

Please note that both new histograms cannot be saved as a new pdf report or new text
file but can be saved as a screen shot.
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Averaging:

The ZetaView® software allows average calculation of the histograms of at least two

or more measurements. All histograms from which an average is to be calculated must

have the same settings for "PSD nm / Class" and "Classes / Decade". The two
screenshots below show two measurements before and after the average calculation
of the histogram data. The average calculation works for number-weighted distribution,
concentration-weighted and volume-weighted distribution as well as in distributive and

cumulative plotting.
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Figure 10-14: The diagram shows the histograms without averaging.
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Figure 10-15: Two histograms have been averaged. In addition to the original two histograms, the

diagram shows an additional histogram after average calculation.

After the histogram data have been calculated on average across all measurements,

new results are obtained for the percentiles, peaks, Traces Found

and number of

particles (highlighted in blue in the screenshot above). The reason for this is that the

histogram data of all measurements are considered for averaging.

The new results and the new histograms cannot be saved as a new pdf report or new

text file but can be saved as a screen shot.
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Smoothing:

The smoothing function is only an embellishment of the distribution in the ZetaView®
software. It has no effect on the percentiles or other measurement results and does
not change the data in the text file. However, after the graph has been smoothed, it
can be saved as a new pdf report unless there is more than one graph displayed in the
diagram.
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Figure 10-16: The diagram shows an unsmoothed histogram.
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Figure 10-17: The diagram after smoothing.
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10.5 Percentiles, Peaks, Region of Interest (ROI)

For each size measurement in scatter and fluorescence mode, the ZetaView®
software shows statistical values in the left part of the software interface. Percentiles,
span, mean and standard deviation are listed in the "X-Values" tab. For more details
on those statistical values, the reader is referred to the corresponding literature.

Results: X Values Peaks | ROI

Mumber Concentration Volume

x1wo | 91.9 91.9 148.1
X50 142.0 142.0 292.0
X90 | 244.7 244.7 | 633.5
Span | 1.1 1.1 1.7
Mean 163.3 163.3 345.3
StdDev 78.9 78.9 175.9

All sizes are given in nm

Figure 10-18: Example of a result table for the X-Values from a size measurement.

The percentiles as well as the span, mean and standard deviation are listed for the
number-weighted distribution ("Number”), concentration-weighted distribution
("Concentration") and for the volume-weighted distribution ("Volume").

The particle concentration is based on the number of particles that is determined in a
measurement. Therefore number-weighted distribution and concentration-weighted
distribution correlate to each other. The histograms and thus all percentiles as well as
span, mean and standard deviation are identical for the number-weighted and for the
concentration-weighted distribution.

If the measurement data of several histograms are summed or an average calculation
is carried out, the values in the X values tab change. The reason is that there is no
longer only one histogram that is taken into account, but there are more histograms
selected by the operator.
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The peaks of the histograms are reported in the "Peaks" tab. Depending on how many
peaks the algorithm detects in the histogram, these are written in the table.

Results: X Values Peaks | ROI

Diameter | No. Abs. FWHM | o |
126.9 56.3 48.7 50.5
165.7 52.4 61.1 49,5

Diameter, FWHM in nm

Figure 10-19: Example of a result table for the “Peaks” tab derived from a size measurement.

The first column gives the "diameter" of the particles included in the corresponding
peak. This value corresponds to the center of mass of the peak and is the result of an
interpolation. Therefore, the diameter value deviates slightly from the peak value
showed in the histogram (see section 10.6).

In the second column, "No. Abs "indicates the absolute number of particles associated
with the corresponding peak. This value is also the result of an interpolation and differs
slightly from the number value showed in the histogram (see section 10.6).

The third column shows the width of the entire distribution as Full Width at Half
Maximum (FWHM). It denotes 2.4 times the standard deviation for a normal distribution
and covers 68% of the area under the graph.

FWHM = 2.4 x STDEV = 68% of the area under the graph.

In the fourth column, after the measurement result has been smoothed and the peak
analysis done, the percentage of particles assigned to a peak is calculated.
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If you are interested in the particle concentration within a certain size range, you can
check the tab "ROI" (Region of Interest).
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Quality —Data —_— 15-
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Figure 10-20: Example of concentration determination of the measured particles in a size range
between 35 nm and 430 nm.

To adjust the size range in which the corresponding particle concentration is to be
displayed, the vertical lines X1 and X2 can be moved in the histogram. However, it is
much more precise to enter the minimum particle size for X1 and the maximum particle
size for X2. The obtained results are particle concentrations below X1, between X1
and X2 and above X2.

This concentration information is based on the number of particles measured and
therefore does not take the dilution factor into account. Therefore, the dilution factor
must be considered if the original concentration in the desired size range becomes
important.

176



...00....
{PARTICLE

METRIX
Analysis menu (size measurement)

10.6 Presentation and scaling of the diagram

Presentation

The histogram can be displayed as a step plot, bar plot and line plot.
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Figure 10-21: From left to right: step plot, bar plot, line plot. The type of plotting has no effect on the
data in the text file.

Legend

The legend can be shown and hidden in the histogram. The legend contains the date
of the measurement (YYYYMMDD) as well as the four-digit experiment ID, the name,
the type of measurement (size, SL, prof), the extension (avi) and the post-acquisition
parameters.
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Figure 10-22: Example of an activated legend. In this example, it contains the date of the
measurement (20191203), the four-digit experiment 1D (0016), the name (Chiara), the type
of measurement (size), the extension (avi) and the post-acquisition parameters
(MaxAreal000; MinAreal0O; MinBrightness30)
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Cursor

The cursor can be shown and hidden in the plot. If the cursor is displayed, it can be
moved on the horizontal or vertical line over the plot. The intersection of both lines
shows two values. The first value is the X value and corresponds to the respective bin
class (see chapter 11). The second value is the Y value. Depending on the plot of the
Y axis, the Y value corresponds to the absolute number of particles, the particle
concentration or the particle volume that is assigned to the respective X value (bin
class).

3o ) I

20191203 0016 Chiagra size.avi [100Q 10I3Jﬂl Nl
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55-
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0 “ 1 1 1 1 1 1 1 1 1 1 1 1
1 2 5 o 20 50 100 200 500 1000 2000 5000 10000
Diameter /nm

Figure 10-23: Cursor in a logarithmically plotted distribution in step plot. The cursor shows the pair
of values 228.071; 26. This means that 26 particles were found that were assigned to the
bin class 228.071 due to their size.
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Scaling of X-axis and Y-axis

The X- and Y-axis can be scaled manually or automatically. With manual scaling you
can enter the value range manually.

@ EEEIB | ()| [o R EIB =
65
0 * 1A 51 €0 ‘ 12872 ﬁi
55 @ Select the X scale range 55+ @ Select the ¥ scale range
50— 50-
45- 45-
Select the X scale range - Selectme\'s:alﬂal\ge'
& 40- Minimum Maximum 40~ Minimum Maximum
. F. ‘ /
1s- 9o JEm 3 9o o Em
30- g 20-
7 ol
20— 20-
T T T T
15- 15-
10~ 10-
5= 5-
0 | ——] i | i T i 0=y ] ——] | ] i T |
1 2 10 20 50 100 200 500 1000 2000 S000 10000 1 2 10 20 50 100 200 500 1000 2000 5000 10000
Diameter / nm Diameter / nm

Figure 10-24: Manual scaling for the X- and Y-axes.

If the X- and Y-axes are to be scaled automatically, the buttons shown below must be

clicked.
el

EEI.E B

20191203 0016

Figure 10-25: Automatic scaling of the X- and Y-axis.
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10.7 Re-analysis of an existing size measurement

The ZetaView® software can re-analyze an existing measurement with altered post-
acquisition parameters. The precondition for this is that the corresponding video file of
this measurement is available since it contains all raw data for a new analysis. If there
is no video file, a re-analysis is not possible.

10.7.1 Load a video for re-analysis

For a re-analysis, the video file of any desired measurement can be
(re-) loaded in the Analysis tab via the button "Load Files / Analyses (Clear List)". The
corresponding procedure is shown in the figure below.
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Qualty ] ¥ @ 20201114_0002_SRA_04_SL_488 11/14/2020 1:55:C
cell | <one> ) 20201114 0003_SRA_04 SL_388 11/14/2020 2:01:
% § 20201116_0000_Autosymmetry 11/16/2020 447:%
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L | | 5] LAPTOP-UKBEDGSE (Fie System)
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{
2 o ] ] ——

Figure 10-26: Loading the video of an existing size measurement.

Click on "Load Files / Analyzes (Clear List)"
Browse to the desired storage folder
Open the database

hr wDdPRE

Select the desired measurement for (re-) analysis. The sub-item highlighted in
blue in this example already contains parameters from the first analysis

5. Load the histogram with “OK”
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A dialogue opens and asks whether an existing analysis should be loaded or a new
analysis should be carried out with the current post-acquisition parameters.

File Administrator Help

|(‘4!(hedt| lhlnp&‘l‘unpl Meanmnuntl Allilﬂ'
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(1] ESIE [ i
v
1 10.0-]
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Results: Average ‘ Results: X Values ‘ Peaks ‘ ROI Display analysis with the current post acquisition
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2P Factor - Span 10.00
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Quality —Data Display ———
=
' 1 ! v 1 v 1 1 ' 1
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Figure 10-27: You can select whether an existing analysis is to be loaded or a new analysis should be
carried out with the current post-acquisition parameters.
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After clicking “Load Existing”,

- X
Please click <New>if you want a new
analysis with the current post acquisition
parameters.

Click <Load Existing> to load the existing
analyses.

New Load Existing

the software loads an already existing analysis that was previously analyzed with the
post-acquisition parameters set at the time.
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Figure 10-28: An already existing analysis has been loaded.
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After clicking “New”,
L 2 X
Please click <New>if you want a new
analysis with the current post acquisition
parameters.
Click <Load Existing> to load the existing
analyses.
E Load Existing
a re-analysis starts with the currently set post-acquisition parameters.
File Administrator Help
‘7Cell Check ]VPump & Temp ]VMeasurement l Analysis
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|

Figure 10-29: Re-analysis of an existing measurement with the current post-acquisition parameters.

Re-analysis is indicated by the progress bar, it can also be stopped at any time.
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File Administrator Help
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Figure 10-30: Completed re-analysis. In this example, the original video contained an 11-position
measurement.

All newly performed analyses are saved and displayed as sub-items under the
corresponding sample / measurement name. If a measurement has been re-analyzed
several times with different post-acquisition parameters, all analyses performed appear
as a compilation of the post-acquisition parameters used. An example of a
measurement that was re-analyzed three times with different parameters is shown in
the following figure.

File Administrator Help
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Figure 10-31: 3 analyses of the measurement “20201113 0007 SRA 02 size 488” are highlighted
in red. The post-acquisition parameters used are listed in each of the three lines. The
currently selected analysis is highlighted in blue.
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10.7.2 Re-analysis of a measurement that has just been carried out

Starting from an already existing and analyzed histogram (video file), all post-
acquisition parameters can now be changed according to the requirements of the
operator. In the example below, the “Min Area” was reduced from 10 to 5 in order to
include smaller particles in the new analysis.

File Administrator Help
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Figure 10-32: In this histogram, the “Min Area” has been reduced from 10 to 5. After changing at
least one post-acquisition parameter, the new analysis can be started with the "Analyze"
button. However, it is also possible to change more than one post-acquisition parameter
simultaneously for re-analysis.

185



{PARTICLE
METRIX

Analysis menu (size measurement)

The duration of the re-analysis depends on which post-acquisition parameters have
been changed and how much they have been changed.

File Administrator Help
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Figure 10-33: Again, the re-analysis can be observed on the progress bar, it can also be stopped at
any time.
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The following screenshot shows the completed re-analysis. If the original video
contained an 11-position measurement, an 11-position table will be shown again after
the re-analysis, provided that this option has been activated in the Analysis tab (see
section 7.1). If the video contains only a 1- or 2-position measurement, no table is
shown.
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Figure 10-34: Completed re-analysis. In this example, the original video contained an 11-position
measurement too.
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Since a completed re-analysis is not automatically saved as a pdf report or as a text
file, it is strongly recommended to save it manually. This is also important because the
X values, peaks and all other values in the Analysis tab are changed after a re-analysis.
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Figure 10-35:Manual saving of the analysis.
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By clicking on "Scatter Plot" at the top right of the histogram, the measurement can
also be displayed as a scatter plot. For this, an FCS file is required. The precondition
for displaying the scatter plot immediately is that "FCS-Export" was switched on in the

Analysis Menu before the corresponding measurement has started.
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Figure 10-36: The scatter plot can be accessed by clicking the corresponding button right above the
histogram. It is important that “FCS Export” was switched on before the corresponding

measurement has started.
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An example image of a scatter plot after an 11-position size measurement is shown
below.
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Figure 10-37: Scatter plot after an 11 position measurement. In this example, the Y-axis is plotted
with the mean intensity and the X-axis with the size. However, other parameters can be
plotted as well.
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Figure 10-38: Particles in the scatter plot can be surrounded by the mouse to separate particle
populations. New clusters are displayed under the scatter plot and in the corresponding
histogram on the right. The number of particles of every cluster is displayed as well.
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If “Scatter Plot” is clicked and no FCS file is available after the measurement, the

software gives a message that no FCS file is available and asks for creating an FCS
file for subsequent re-analysis.

ZetaVIEW Analyze = ScatterPlot |

=l B9

3

The scatter plot cannot be initialized.
The required FCS file corresponding to the selected analysis is not available.

Click <Reanalyze> to analyze the video again.

Figure 10-39: If an FCS file is not available for re-analysis, it can be created by clicking “Reanalyse”
in the Scatter Plot tab.
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11 Txt-file of size measurement

After a size measurement or a zeta potential measurement has been carried out and
evaluated, a text file is stored in addition to a video file (which contains the actual raw
data of the measurement) and the pdf report, regardless of whether the sample was
measured in scatter mode or in fluorescence mode. Here, the text file created for a
size measurement is explained in more detalil.

Basically, the text file consists of 3 main parts:

The top part represents the header of the text file, and contains the name of the file,
operator, software version, and the numerous parameters used to measure the
sample. A section of this header is shown in the figure below.

Original File: Z:327892819\20198927_80811_ Thylakoid_260919_Serie_F485 size.avi Section: 8.1 [@8]
Operator: ZetaView PC

Experiment: 20158927_8611

ZetaVIEW S/N: 19-468

Software: ZetaView (version 8.85.11) Analyze: 8.85.11
Sample: Thylakoid_268919_Serie_F485

Electrolyte:

pH: 7.000008 entered

Conductivity: 98.923283 sensed

Temperature: 24.990000 sensed

Viscosity: 8.9914384

Date: 2019-89-27

Time: 14:52:28

General Remarks: PS1@88nm 1:256,000

Figure 11-1: Detail of the header of a text file from a size measurement.
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The second part of the text file contains the linear measured values. These values start
just below the header and are grouped in five columns.

Reference Electrode Distance: 5.1588688

Voltage: 0.8e8080

Polarity: B

Reference Voltage: 8.8eBBRRRd

Microscope Magnification: x18

Laser Wavelength: 485 . gee88ee

ZP Factor: 12.828778 (Smoluchowski)Results (Pos 8.100004):

Median MNumber (D58): 214 787748

Median Concentration (D58): 214.787748 Header
Median Volume (D58): 356. 548467

Size Distribution

Size / nm Number Concentration / cm-3 Volume / nm*3 Area / nm™2 -
2.500E+8 .000E+D 0.000E+D .000E+0 .080E+0 Linear
7.508E+@ 1.008E+0 4.698E+4 2.2@9E+2| 4,418E+1

1.258E+1 2.008E+0 9.396E+4 2.845E+3 2.454E+2

1.758E+1 2.008E+0 9.396E+4 5.612E+3 4,811E+2 Values
2.258E+1 1.008E+0 4.698E+4 5.964E+3 3.976E+2

2.758E+1 1.008E+0 4.698E+4 1.889E+4 5.948E+2

3.258E+1 2.008E+0 9.396E+4 3.595E+4 1.65%9E+3

3.758E+1 3.000E+0 1.489E+5 8.283E+4 3.313E+3

4.250E+1 3.080E+0 1.489E+5 1.286E+5 4. 256E+3

4. 758E+1 4. BB0E+0 1.879E+5 2.245E+5 7.@88E+3

5.258E+1 4. BB0E+0 1.879E+5 3.831E+5 8.659E+3

5.758E+1 6.000E+0 2.819E+5 5.972E+5 1.558E+4

6.258E+1 2.008E+0 9.396E+4 2.557E+5 6.136E+3

6.758E+1 2.008E+0 9.396E+4 3.221E+5 7.157E+3

7.258E+1 4 .000E+0 1.879E+5 7.981E+5 1.651E+4

7.758E+1 3.008E+0 1.4@9E+5 7.312E+5 1.415E+4

8.258E+1 6.008E+0 2.819E+5 1.764E+6 3.207E+4

8.758E+1 9.008E+0 4,228E+5 3.157E+6 5.412E+4

9.258E+1 6.000E+0 2 .819E+5 2 .486E+6 4.832E+4

9.758E+1 1.188E+1 5.168E+5 5.338E+6 8.213E+4

Figure 11-2: Extract from the linear value range of the text file from a size measurement.

Table 11.1: Description of the columns in the text file.

Column Headline Description

1°t column Size / nm Bin class to which the particles are assigned according to
their measured size. The bins can be adjusted in the post-
acquisition parameters. This number represents the centre
of each bin.

2" column Number Number of analysed particles assigned to the
corresponding bin (size class).

Concentration of the analysed particles assigned to the
corresponding bin (size class). The dilution factor is not
included.

4% column Volume / nm3 Volume of the analysed particles assigned to the
corresponding bin (size class) in terms of number-weighted
distribution.

5% column Area / nm? Surface of the analysed particles assigned to the
corresponding size class in relation to the number-
weighted distribution.

3 column Concentration /cm™3
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The third part of the text file represents the logarithmic measured values for the
adjusted size classes and is separated by the -1.000E+0 line from the linear measured
values. This is shown in the following figure.

5.958E+3 .0@0E+0 .000E+8 9.000E+0 9.000E+8

5.962E43 0.0BOELD 0.000E+0 0.000E0 0.000E+B

5.968E+3 0.000E+0 0.000E+0 0.000E+8 0.000E+8 .

5.972E+3 0.000E+0 0.000E+0 0.000E+0 0.000E+0 Linear
5.978E+3 0.000E+0 0.000E+8 9.000E+8 .000E+8

5.982E+3 0.0B0E+D 0.000E+0 0.B0OE0 0.000E+8 Values
5.988E+3 0.0B0E+D 0.000E+0 0.000E+0 0.000E+B

5.992E+3 0.000E+0 0.000E+0 0.000E+8 0.000E+8

5.998E+3 0.000E+0 0.000E+0 0.000E+8 0.000E+8

-1.000E+8 -1.000E+0 -1.000E+8 -1.000E+0 9. 000E+8| Separator

4.683E+0 0.000E+D 0.000c+0 .000E+0 0.000c+0

4.855E+8 0.000E+0 0.000E+0 0.000E+8 0.000E+8

5.033E48 0.000E+0 0.000E+0 0.000E+8 0.000E+8 . .
5.217E+8 ©.080E+0 ©.000E+8 0 .000E+0 0.080E+0 LOga rlthmIC
5.408E+8 0.0B0E+D 0.000E+0 0.B0OE0 0.000E+8

5.607E+8 0.0B0E+D 0.000E+0 0.000E+0 0.000E+B

5.812E+8 0.000E+0 0.000E+0 0.000E+8 0.000E+8 VEI'UES
6.025E+8 0.000E+0 0.000E+0 0.000E+8 0.000E+8

6.246E+8 B.0B0E+0 0.000E+8 0.000E+8 .000E+8

Figure 11-3: Linear and logarithmic values in the text file are separated by the -1.000E+0 line.

The linear and logarithmic values refer to the distribution of the bins (size classes):

In the linear value range, the size classes are distributed linearly. The parameter
"nm / Class" is used for this purpose and can be found in the Measurement Menu as
well as in the Analysis Menu.

In the logarithmic value range, the size classes are chosen such that they are equally

far apart in a logarithmic representation (base 10).

The parameter "Classes per Decade", which can be found in the Measurement Menu
as well as in the Analysis Menu can be defined here. This is shown in the figure below.
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File Administrator Help

lwmlmthﬂ!ﬂ
| J

Run Video Acquisition

——Run Options

| Autosave .txt
Auhnsaw.pdf

D Overlay

" | Multiple Acquisitions

——Number of Particles

Number of Particles
¥s. Positon

Number of Parti

400

50 1 1 1 1
40 60
Sensitivity

Experiment ID

20201114 0000  SRA_02

| @ Size Distribution Video: Sample Parameters
Custom Entry

Path - <please use the browse button to change the storage folder>

9, 2:\New Samples\20201114_0000_SRA_02_size_488.avi

SOP

Experiment Parameters |

Select an SOP... 3 Mesenchym

——Description
—Experiment
Zetapot. Size Positions
Cont.Pulsed # Cydes
' r
ui »‘9 5

Low Med. High Highest

(=] == [l ]

—Post Acquisition Parameters
Min Brightness 9 30
Max Area 3 1000
Min Area 9 10

Tracelength 3 15

D Auto Brightness
[ ] Multi-Threshold
D PSD log Correction

nm!Classgs

Classes [ Decade 9 64

Temperature pH  Conductivity
25.0 degC 227  muS/am

Update
Cond.

Figure 11-4: “nm / Class” applies only to the linear values. “Classes / Decade” applies only to the
logarithmic values. Both can be adjusted in the Measurement Menu.

—Post Aquisition Parameters
zpfdassl'.jz.o MaxZP o 128.1

PSD nm / Class 2}5

Max Area 3 5000

PSD Classes [
Decade "5}54

MinBrightness [} 25 Min Area /s Tracelength £10 [ | MultiThreshoid
|:| Auto Brightness I:l PSD log Correction New Traces Show 11-Pos Table
Display ‘ Info | | Scatter Plot |

o | o) BRI (] 4

|

4 AnAT o
I_O0UT

Cr e
I

A vrAr) |

Figure 11-5: “nm / Class” and “Classes / Decade” can be adjusted in the Analysis Menu as well.
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Based on the specified classes, the histograms are calculated.

It should be noted that the linear and logarithmic calculations are completely
independent of each other. A histogram based on linear values cannot be converted
into a histogram with logarithmic values.

11.1 Adjusting the class width

The class width can be adjusted and changed with the parameter "PSD nm / Class"
for the linear value range. This function allows the user to modify and adjust the
resolution of the displayed histogram according to his requirements. The smaller the
class width, the higher the resolution of histogram, and the more classes are
considered when displaying the histogram. In the first column "Size / nm" of the text
files the corresponding values are written in scientific notation.

Post Aquisition Par Post Aquisition Par;

2 /dass 13 M G IPSDnm/C\ass Js lifﬁ:smfi) 64 2 /dassg)13 M s |vso nm /Class g} 15 tifag:sm/i) 64

Max Area £ 1000 Max Area ’) 1000

Min Brightness lj 30 Min Area o) 10 Tracelength ¢ 15 l ‘ Multi-Threshold Min Brightness 5) ) Min Area 1} 10 Tracelength £} 15 { I Multi-Threshold
[ ‘ Auto Brightness PSD log Correction I\/‘ New Traces [i/‘ Show 11-Pos Table [ ‘ Auto Brightness PSD log Correction [/‘ New Traces [\/I Show 11-Pos Table
Size Distribution Size Distribution
Size / nm Number Concentration / cm-3 Size / nm Mumber Concentration / cm-3
2.508E+8 @.B800E+8 6.088E+8 7.508E+@ 3.BOBE+8 1.489E+5
7.500E+8 1.800E+8 4.698E+4 2.258E+1 4. BBBE+8 1.879E+5
1.258E+1 2.B00E+8 9.396E+4 3.758E+1 8.000E+8 3.758E+5
1.758E+1 2.000E+8 9.396E+4 5.258E+1 1.480E+1 6.577E+5
2.258E+1 1.800E+8 4.698E+4 6.758E+1 &.000E+8 3.758E+5
2.758E+1 1.000E+8 4.698E+4 8.258E+1 1.880E+1 8_457E+5
3.258E+1 2.BOBE+E 9.396E+4 9._758E+1 2.78BE+1 1.268E+6
3.758E+1 3.000E+0 1.4839E+5 1.125E+2 4,200E+1 1.973E+6
4.258E+1 3.000E+0 1.483E+5 1.275E+2 3.980E+1 1.832E+6
4.758E+1 4.060E+8 1.879E+5 1.425E+2 5.580E+1 2.584E+6
5.258E+1 4.080E+8 1.873E+5 1.575E+2 4. 680E+1 2.161E+6
5.758E+1 6.000E+D 2.819E+5 1.725E+2 5.200E+1 2.443E+6

Figure 11-6: Extract from the text file, if "PSD nm / Class™ were set to 5 (left) and 15 (right) in the
post-acquisition parameters.

Each individual value in the "Size / nm"-column represents the center of the adjusted
bin class. This is shown in the figure below.
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Post Aquisition Par: Post Aquisition Par
2P [ Class ; 13 MaxZ8 2y 128.1 |Psnnm/c\ass a5 li';‘j:““’}) 64 2P [Cass )|1.3 MaxZP o) 128.1 |P5|3nmjc\ass oS I;i';‘::”“’}) 64
Max Area ,’.) 1000 Max Area i‘] 1000
MinBrghtness /30 Min Area £ 10 Tracelength £ 15 [ mutt-Threshoid MnBrichtness /30 MinAvea /10 Tracelength £/ 15 [ mudb-Theshoid
[ ] Autorightness | | PsDlog Correction  [v”] Mew Traces [ show 11-pos Table [ Jautomrightness | |psDlogCorrection  [v] New Traces |+ show 11-pos Table
0 nm 0 nm
25 nm 1% bin class 7 5nm 1% bin class
Size / nm/ - s / ;
ize / n
2.500E+01 3 nm 7 S%ém?‘ 15 nm
7.500E+0. 2.250E+11
1-%‘595*1\ 3.750E+
1.758E+1 5nm 5.250E+1 15 nm
2.250E+1 . 6.758E+1
2.750E+1 75nm | 2" bin class 8.250E+1 225 nm | 2" pin class
3.250E+1 9.758F+1
i;:g:i 10 nm 1.125E+2 30 nm
) 1.275E+2
4.758E+1 1 425E:2
5.250E+1 1575642
5.750E+1 10 nm 1725642 30 nm
12.5 nm | 31 hin class 375 nm | 3 pin class
15 nm 45 .nn'l

Figure 11-7: On the left side a bin class of 5 nm is adjusted. 2.500E+0 hm corresponds to the first bin
class. It represents the centre of a class width ranging from 0 nm to 5 nm. 7.500E+0 nm
corresponds to the second bin class, ranging from 5 nm to 10 nm, etc
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The best possible histogram resolution is achieved with a bin class of 5 nm. A smaller
class width is available but not recommended because the accuracy of the ZetaView®
at 5 nm is maximized. For comparison, the figure below shows two histograms of the
same measurement, one with class width of 5 (higher resolution) and the second with
class width of 15 (lower resolution).

...................... o \ . . , . . . . .
05 m @ s ® 1 W 1 W By W 20 M0 % W0 D IW 0 X W W0 W w0 B [ @ w00 150 B 250 £ £ +o 5
Doneter jm Diameter jrm

Figure 11-8: Left: Histogram created by using a bin class of 5. Right: Histogram created by using a
bin class of 15. Both apply for the linear values of the text file.

It is important to note that the mode of the histograms may differs depending on how
the bin classes are adjusted.
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11.2 Adjusting the Classes per Decade

The number of the classes per decade can be adjusted and changed with the
parameter "PSD Classes per Decade" for the logarithmic values. Like the linear values,
this function allows modification and adjustment of the resolution of the displayed
histogram according to the user’s needs. The smaller the number of the classes per
decade, the lower the histogram is resolved, and fewer classes are considered when
displaying the histogram. The image below shows 2 screenshots comparing 20 classes
per decade versus 64 classes per decade.

Post Aquisition Par; Post Aquisition Par
2P [ Class ’) 13 MaxZP 1y 128.1 PSD nm / Class £} 15 |PSDC1655=54' 20 | 2 [Cass ) 13 MaxZP 2y 1281 PSDnm /Class £} 5 PSD Classes [ 7 ¢4
v U Decade Ly - < Decade .
Max Area ’,) 1000 Max Area ’) 1000
Min Brightness f30  MinArea £ 10 Tracelength 1) 15 [ ] Mut-Threshold Min Brightness £)/30  Min Area ) 10 Tracslength £l 15 [ | muts-Threshold
[ “utu Brightness || PsDlog Correction [/} New Traces I\/‘ Show 11-Pos Table [ “uto Brightness PSD log Correction [/‘ New Traces [\/I Show 11-Pos Table
5.978E+3 0.000F+0 0.000F+0 0.000E+0 0.000E+0 6.712E+@ @.800E+-8 @.800E+8 @.8B0E+0 @.800E+-8
5.992E43 ©.000E+0 ©.000E+0 0.000E+0 0.000E+0 S.8570:0 S e ooomaee S
-1.006E+0 -1.080E+0 -1.080E+0 -1.000E+0 0.000E+0 7.476E40 2.000E+0 2.200E+0 2.000E+0 2.000E+0
4.873E+8 . BOOE+D . BOOE+D 8.880E+8 8.880E+8 7 7seE+E 0. BBBELD B BBGE+0 . BEAE+E 0. BBBELD
5.467E+0 . BOOE+D . BOOE+D 8.880E+8 8.880E+8 5.034E+8 0.800E+8 B.0BOE+0 B.0B0E+8 @.BRAE-A
6.134E+0 . BOOE+D . BOOE+D 8.880E+8 8.880E+8 8.329E+8 0.800E+8 B.0OOE+0 B.8BOE+0 0.800E+8
6.883E+0 ©.080E+0 ©.080E+0 0.000E+8 0.000E+8 8.634E+8 1.600E+0 4.698E+4 3.378E+2 5.854E+1
[7.722E+8] ©.080F+0 ©.080F+0 8.000E+0 8.000E+0 8.958E+0 8.000E-D ©.B0E+0 @.000E+D 8.000E-D
8.665E40 1.000E+0 4.698E+4 3.486E+2 5.897E+1 9. 278E+0 0.000E+0 ©.008E40 2.000E+0 0.000E+0
9.722E+9 ©.B0BE+0 8.B0BE+0 0.000F+0 0.000E+0 9518540 2.000c-0 6.0¢0E+0 9.000E+0 2.000c-0
9.970E+8 8.000E+8 ©.080E+0 @.880E+0 8.000E+8
1.891E+1 1.00OE+H 4.698E+4 6.796E+2 9.346F+1 [ e3aE+1 o, 0OBELD 6. 008540 0. BBOE.D o, 0OBELD
1.224E+1 . BOOE+D . BOOE+D 8.880E+8 8.880E+8 1 e71E+1 B.BRE-R .BRRE+R 2. 0ERE+E B.BRE-R
1.373E+1 . BOOE+D . BOOE+D 8.880E+8 8.880E+8 1.111E+1 8.000E+8 ©.800E+0 .880E+0 8.000E+8
1.541E+1 1.00OE+H 4.698E+4 1.915E+3 1.865E+2 1.151E+1 1.B88E-8 4.698E+4 7.991E+2 1.841E+2
1.729E+1 1.00OE+H 4.698E+4 2.786E+3 2.347E+2 1.193E+1 @.B00E-8 B.BBBE+8 8. BBAE+8 @.B00E-8
1.940E+1 1.800F+0 4.698E+4 3.822E+3 2.955E+2 1‘§;;E+1 :-SSEE*E g-sssg*s g‘gggi+g :-SSEE*E
2.176E+1 9.@00E+0 9.@00E+0 ' - ' - : " ' - ' -
1.330E+1 0.900E+0 ©.000E+0 0.000E+0 0.900E+0
Sanse| 20 ClGSSES/ decade; s 4.684E+2 e 5 oooc.n o eooren o aonr.n 5 oooc.n
2.740E+1 1.00OE+H 4.698E+4 1.877E+4 5.897E+2 1 420E+1 0. BOOE-0 6. BBOE+0 0. 000E+6 0. BOOE-0
3.874E+1 2.00BE+2 9.396E+4 3.843E+4 1.485E+3 1.481E+1 1.808E+8 4 ,698E+4 1.7@81E+3 1.723E+2
3.450E+1 0.000F+0 . BOOE+D 8.880E+8 8.880E+8 1.535E+1 0.900E+8 ©.080E+0 @.080E+0 0.000E+8
3.870E+1 4.000E+8 1.879E+5 1.214E+5 4.706E+3 1.592E+1 0.000E+0 .BBBE+D @.080E+0 9.900E+8
4.343E:1 4.0P0E+D 1.879E+5 1.715E+5 5.925E+3 1.658E+1 8.000E+0 0.000E+2 0.0080E+0 8.000E+0
4.873E+1 2.000F+0 9.396E+4 1.211E+5 3.729E+3 1-710E+1 @.880E 0 6.-8BOE+0 8.060E+D @.880E 0
5.467E+1 7.000F+0 3.289E+5 5.989E+5 1.643E+4 L Bt A 0. Oae.e 9-an0e?
6.134E+1 5. BAOE+D 2.349E+5 6.843E+5 1.478E+4 | aecEr1 1 eopEsp 1 costea 2 e21E45 P
6.883F+1 5. BAOE+D 2.349E+5 8.536F+5 1.868F+4 1 a75E.l 2. DOBE~D . BBBE+D P 2. 0BBE~D
7.722E+1 6.008E+0 2.819E+5 1.447E+6 2.81@E+4 2. B4TE+1 @.000E+0 ©.BBRE+0 8 .BB0E+H @.000E+0
8.665E+1 1.600E+1 7.517E+5 5. 45QF+6 9.435E+4 2.122E+1 8.900E+8 ©.080E+0 @.080E+0 8.900E+8
2.280E+1 8.000E+8 ©.080E+0 @.880E+0 8.000E+8
2.281E+1 64 9.900E+8
2.364E+1 I / d d 9.900E+8
2.451E+1 classes ecade 4.718E+2
2.541E+1 @.002E+2 0.B80E+0 @.2808E+8 @.002E+2
2.634E+1 @.882E+2 8.880E+2 @.2808E+8 @.882E+2
2.738E+1 1.800E+8 4.698BE+4 1.866E+4 5.854E+2
2. 830E+1 @.80ac+2 0.800E+0 @.880E+8 @.80ac+2
2.934E+1 0.900E+0 ©.000E+0 ©.000E+0 0.900E+0
3.841E+1 2.900E+8 9.396E+4 2.046E+4 1.453E+3
3.153E+1 8.000E+8 ©.080E+0 @.080E+0 8.000E+8
3.268E+1 8.000E+8 ©.080E+0 @.880E+0 8.000E+8
3.388E+1 8.000E+8 ©.080E+0 @.880E+0 8.000E+8
3.512E+1 9.900E+8 ©.080E+0 @.080E+0 9.900E+8
3.641E+1 8.000E+8 ©.800E+0 .880E+0 8.000E+8
3.774E+1 1.000E+@ 4.698BE+4 2.815E+4 1.119E+3
3.912E+1 2.000E+0 9.396E+4 6.271E+4 2.484E+3
14.856E+1 1.800E+8 4.698BE+4 3.493E+4 1.292E+3
[4.284E+1 @.80ac+2 0.800E+0 @.880E+8 @.80ac+2
l4.358E+1 2.900E+0 9.396E+4 8.669E+4 2.984E+3
l4.518E+1 2.900E+0 9.396E+4 9.657E+4 3.206E+3
l4.683E+1 1.900E+8 4.698E+4 5.379E+4 1.723E+3
l4.855E+1 8.000E+8 ©.080E+0 @.080E+0 8.000E+8
5.833E+1 1.900E+8 4.698E+4 6.675E+4 1.989E+3
5.217E+1 3.000E+8 1.489E+5 2.231E45 5.414E+3
5.483E+1 1.000E+8 4.698E+4 8.283E+4 2.297E+3
5.687E+1 3.000E+0 1.489E+5 2.768E+5 7.406E+3
5.812E+1 2.000E+0 9.396E+4 2.856E+5 5.386E+3
6.825E+1 2.800E+8 9.396E+4 2.298E+5 5.782E+3
6.246E+1 @.80ac+2 0.800E+0 @.880E+8 @.80ac+2
6. 474E+1 2.900E+0 9.396E+4 2.842E+5 6.584E+3
6.712E+1 1.900E+0 4.698E+4 1.583E+5 3.538E+3
5.957E+1 2.900E+8 9.396E+4 3.527E+5 7.603E+3
7-212E+1 1.800E+8 4.698E+4 1.964E+5 4.085E+3

Figure 11-9: Extract from the text file, if ""PSD Classes / Decade™ were set to 20 (left) and 64 (right) in
the post-acquisition parameters. These settings only apply to the logarithmic value range.
Again, the mode of the histograms may differ depending on how many classes per decade are
selected.
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Figure 11-10: Left: Histogram created by using a 20 classes/decade. Right: Histogram created by
using 64 classes per decade. Both apply for the logarithmic values of the text file.
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12 Fluorescence

If light interacts with for example a molecule, the photons are transformed. In general,
the wavelength of the incoming light (excitation) is transformed to light with a longer
wavelength (emission). Many crystals such as CaCOs show fluorescence.
Fluorescence also depends on the purity and crystalline structure. One of the most
common fluorescent organic molecules is fluorescein, an orange-green powder.

In order to excite molecules, there are several preconditions to be met:
1. Electromagnetic wave of certain frequency and intensity (excitation light).

2. Molecule structure allowing transformation of the incoming electromagnetic wave
(absorption and emission of light).

3. Absence of any kind of molecules absorbing the generated fluorescence (self-
absorbing) or preventing fluorescence generation (quenching).

For more details on fluorescence, the reader is referred to the corresponding literature.

12.1 Fluorescence Nanoparticle Tracking Analysis (F-NTA)

With Nanoparticle Tracking, particles can be detected, however as it is a physical
principle of detection of scattered light; a chemical discrimination is not given.
Precipitates from buffer, impurities or bio-nanoparticles of interest are detected with no
differentiation, resulting in higher concentration levels than expected. In order to add
specificity, nanoparticles such as extracellular vesicles (EVs) can be labeled with either
appropriate membrane dyes or with specific fluorescently labelled antibodies directed
against a particular surface protein. The ZetaView® instrument is designed in that way
such that by using a filter, the scattered light coming from the laser is blocked and only
the generated fluorescence light is transmitted to the camera.

Depending on the antibody and/or (membrane-) dye, non-target material can be
discriminated from the bio-nanoparticles of interest. This enables NTA technology for
the specific detection and quantification of nanomaterial, which is termed Fluorescence
Nanoparticle Tracking Analysis, F-NTA.
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12.2 F-NTA detection principle

The ZetaView® instruments works in two modes, termed “scattering mode” and
“fluorescent mode”. In the scattering mode, each particle is counted, regardless of
whether it is fluorescently labelled or not. In the fluorescent mode, the scattered light
(same wavelength as the laser) is blocked, and only particles emitting fluorescence
(usually at longer wavelengths compared to the excitation wavelength) are detected.
The table below illustrates the differences in principle and what both modes detect.

Table 12.1: Scattering and Fluorescent mode.

Scattering mode (fluorescence filter is out) Fluorescent mode (fluorescence filter is in)
A'Lae‘.er é
K,\.

<
=%
R
Particle, Vesicle,
Lipid, ... = Specific linker
O Fluorophor
Measured concentration c: Measured concentration c:
C = Cscatter T Cfiuor C = Criuor
Note: Note:

Both wavelengths reach the camera; scattering | The filter blocks light with wavelengths smaller
from laser AND fluorescence (if present). than the cut-off wavelength, which is typically

10-20 nm larger than the laser wavelength.

Hence the measured concentration (c) is the Scattered light from unlabeled particles cannot

sum of both particle types, unlabeled particles reach the camera, only light generated by

(scattering; cscqtter) and labeled particles (the fluorescence, i.e. Aroresconce > Avaser Will be

fluorescent ones; crior)- transmitted. The camera only detects

This is the total particle count. fluorescent particles.

In real world samples, the concentration
(Cf1uor) of fluorescently labelled EVs is typically
smaller than the total particle count (that is the
concentration measured in scattering mode).
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12.3 Selection of Fluorophores

As there is a large variety of fluorophores, the choice should be made according to:

1. Excitation wavelengths 405, 488, 520 and 640/660 nm, depending on the laser or
lasers equipped in the instrument.

2. High photo stability of the fluorophore.

3. High brightness of the fluorophore (also when suspended in buffer).

The table below lists fluorophores, which have shown sufficient characteristics for
detection when used with F-NTA:

Table 12.2: Fluorophores used with F-NTA, +++ = very good, ++ = good, + = sufficient.

Fluorophores Photostability

Alexa488®

Atto488®

Atto 647®N

Quantum dots (Aex = 405 nm)
CMO

CMG

CMDR

RhodamineB

DIL

PKH67

Phycoerythrin

Neon-GFP

DIO

DiL

GFP, eGFP +

+++

++
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12.4 How to switch between scatter and fluorescence mode

Switching between the scatter and fluorescence mode is always performed via the
drop-down menu with all ZetaView® devices.

12.4.1 Instruments equipped with a manual fluorescence filter

Click on the drop-down menu and select the fluorescence channel. The software
prompts you to insert the manual fluorescence filter.

) Cell Connected
J Scatter (None) & pd
Please make sure that the fluorescence filter (500 nm) is inserted.
=
0.5 —

Figure 12-1: Switching from scatter- to fluorescence mode on a monolaser instrument equipped with
a manual fluorescence filter. The software prompts you to insert the fluorescence filter.

Move the manual fluorescence filter up one notch. Make sure that the filter is placed in
the corresponding end position as shown in the figure below (middle). The filter locks
into place with a click. Do not push the filter all the way up, as this can block the
microscope's optical path.

Figure 12-2: Positions of the manual fluorescence filter in scatter- (left) and in fluorescence mode
(middle). Make sure not to push the filter to the top position (right), as this will block the
microscope's beam path.
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12.4.2 Instruments equipped with an automatic fluorescence filter changer

Click on the drop-down menu and select the fluorescence channel.

[Analysis |
100%
o T 1 ctcomeces | R
Fluorescence Filter Fhuorescence Filter Q
J Scatter (None) 500 nm \—l Q
[ 20— [%05 %8 s en]
Position Position
0.5 :‘B o5 0.5 ﬂ@
Sensitivity  Shutter Sensitivity  Shutter Sensitivity  Shutter
mo—_I 2ooov_I 100~ 2000~ 1oo:| zooo-_l
0= 32° 0= = 0- 32-
g750 g 100 §7s.0 gs0.0 g 100

Figure 12-3: Switching between scatter mode and fluorescent mode is performed by clicking on the
dropdown menu. In addition, the laser wavelength can be selected in both modes.

Figure 12-4: Switching from the scatter mode to the green fluorescence channel on a multilaser
instrument.

Depending on the laser wavelengths the ZetaView® instrument is equipped with, the
corresponding fluorescence filters are displayed.

J Cell Connected J Cell Connected ) Cell Connected ) Cell Connected
Fluorescence Filter Fluorescence Filter Fluorescence Filter Fluorescence Filter
R som < | som < s
Laser Laser Laser Laser
) (05 %8 50 6w

Figure 12-5: Laser wavelengths and corresponding fluorescence filters.
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Table 12.3: ZetaView® parameter settings for scatter and fluorescent mode on a ZetaView®
QUATT instrument. However, these parameters can also be used for ZetaView® instruments
equipped with one or two lasers. However, depending on laser power and tolerances, these
parameters should be used as a guideline and may vary a bit.

Scatter mode Fluorescence mode

Sensitivity 65 80 88 85 75
Shutter 100 100 200 200 300
Minimum 30 30 30 30 30
Brightness

Min Area 10 10 10 10 10
Max Area 1000 1000 1000 1000 1000
Tracelength 15 15 15 15 15
Frame Rate 30 30 30 30 7.5

Note that the above settings are exemplary and can be used as a guideline to make
the following descriptions easier to understand.

It is important to mention here that for TWIN and QUATT ZetaView® instruments the
488 nm laser is always considered to be the reference laser for measuring particle
concentration in the scatter mode. Therefore, scatter mode parameters for the 405,
520 and 640 nm lasers are not shown.

For instruments that have only one laser (mono-laser instruments), the above
statement does not apply. With mono-laser devices, the respective laser wavelength
is always used for concentration measurements in scatter mode.
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12.5 Guideline for concentration calibration in the fluorescence mode

Concentration calibration in the fluorescence mode is useful when a sample contains
a mixture of fluorescent and non-fluorescent particles and if you want to know the
content and/or the number of fluorescent and non-fluorescent particles.

Assuming a sample in which 100% of all particles are fluorescent, the measured
number and concentration of the particles should be the same in the scatter mode and
in the fluorescence mode. In reality, this is not often the case. By using identical
measuring parameters, a higher number is usually measured in the scatter mode than
in fluorescence mode. The reason for this is that the fluorescence filter represents an
additional element in the ZetaView® optics. Smaller and weakly fluorescent particles
are no longer displayed in the live view and are lost. To compensate for this, the
sensitivity in fluorescence mode must be increased.

Concentration calibration in fluorescence mode takes this into account with the
calculation of a correction factor. This correction factor can be different for different
sensitivity values as well as for fluorescent dyes.

Below, typical results from an actual example are shown. Data were governed on an
instrument equipped with a 488 nm laser and a 500 nm cut-off filter and fluorescent
polystyrene standard YG-488.

12.5.1 Prepare fluorescently labelled standard

1. Prepare the fluorescence standard (refer to the documents of the fluorescent
standard beads).

2. Adjust the instrument to scattering mode (filter position “out”). Refer to section 12.4.
3. Inject the diluted fluorescence standard (from step 1).
4. Adjust the parameters of the ZetaView® instrument according to table 12.3.

5. Adjust the concentration in the scatter mode if necessary; the column “No. of
Detected Particles” should be green.
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12.5.2 NvS Method

12.5.2.1 Acquire data in scatter mode (total count)

1. Click “Number of Particles vs. Sensitivity” (NvS)” (for example at position 0.5).

| Cell Che[k' Pump & Temp' Measurementl Anahm'l

| Remove Cell Assemby I

—Cell Definition
Cell Number |CAD0D79-0180b [=]

—Step 1: Cell Quali
E Quality Cell Quality Result

O oo | o

—Step2: AutoAlignment (Focus & Profile Symmetry)

e| Autoalignment | | Optimize Focus '
After Power Up & Particles visible,
after Cell Change not blurred

—Mumber of Partides

Mumber of Partides
vs. Sensitivity

2. You should see a result similar to that shown below.

600
w
=
o
“ 500
w
o
o /'/V\
L 400
O - *
5
g_ m:ﬁ;nhﬁmﬁﬁﬁswV~Ns\2ﬂ20711ru,ousese_ms ("
5 300 ——
3
4= 200
g=]
Y
o
5 100
D
=
=
= 0

0 20 40 60 80 100
Sensitivity
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3. The result of the NvS measurement is saved in the NVS folder.

| M 1= NS
Home naze e

« v N « ZetaVIEW > NVS

# Quick access
[ Desktop
¥ Downloads
|=| Documents
= Pictures

ZetaVIEW
2020-11

v | O £

~
Name

=] 2020-10-22_215800_nvs
=| 2020-11-14_005039_nvs
=] 2020-11-14_005258_nvs
=] 2020-11-14_005506_nvs
=] 2020-11-14_005659_nvs

Search NVS

o x
@

Date modifiec

10/22/2020 9:
11/14/2020 12
11/14/2020 12
11/14/2020 12
11/14/2020 12

12.5.2.2 Acquire data in fluorescent mode (fluorescent count)

1. Keep the fluorescent standard beads in the instrument and switch to the

fluorescent mode.

2. Check the focus and run “Optimize Focus” if necessary.

3. Click “Number of Particles vs. Sensitivity (NvS)” again.

| Cell Chet:k' Pump & Temp l Measurement l Analysis l

| Remove Cell Assemby l

—Cell Definition
Cell Number |CADD79-01800-FLUOR |+ |

—Step 1: Cell Quality

Cell Quality Result

o Cell Quality Check | Good

—Step2: AutoAlignment (Focus & Profile Symmetry)

9 | AutoAlignment ' | Optimize Focus '
After Power Up & Particles visible,
after Cell Change not blurred

—Mumber of Partides

Mumber of Partides
ws. Sensitivity
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4. You should see a result similar to that shown below.

N
8

8

~
8

8

N
8

3

Number of detected particles per frame

o

0 20 40 60 80 100
Sensitivity

5. The result of the NvS measurement is saved in the NVS folder

| 1= INVS - [} x
File O v @
« v N ‘I « ZetaVIEW > NVS ~ ‘ [$] ‘ ‘ O Search NVS ‘
-
Name Date modifiec
7 Quick access i
| Desktop - 2020-10-22_215800_nvs 10/22/2020 9.
# Download . 2020-11-14_005039_nvs 11/14/2020 1:
wnloads n
! 2020-11-14_005258_nvs 11/14/2020 1:
Pocuments * 2020-11-14_005506_nvs 11/14/2020 1z
=] Pictures ol 2020-11-14_005659_nvs 11/14/2020 1
| ZetaVIEW »
. 2020-11

210



{PARTICLE
METRIX
Fluorescence

12.5.2.3 Calculate the relative concentration factor

Plot the data of both NvS files in a diagram. The NvS files are text files that can be
easily copied into a spreadsheet software. You will obtain two curves, one for the
scatter mode and one for the fluorescent mode (see an example below).

° 600
g = Scattering mode
C 500 = Fluorescence mode
2 392
B 200 g
L
£ < —
(14}
2 300 359 /’
-
@
g
< 200
-
u—
o
5 100
o
=
= 0
0 20 40 60 80 100

Sensitivity

Figure 12-6: Typical result of NvS, plotted from two NvS text files (488 nm laser, YG-488 fluorescent
bead standard). In this example, the sensitivity values of 100 nm fluorescent particles
measured in scatter (blue) and fluorescent mode (green) were 60 and 75, respectively.

When taking the count at the sensitivity settings for scatter and fluorescent mode
(figure 12-7) the count of fluorescent particles results in 392 particles in scatter mode
and 359 particles in fluorescent mode. If we take 392 particles in the scatter mode to
be 100% it means that in the fluorescent sample the concentration of fluorescent
particles is underestimated by = 8%. To calculate the concentration in fluorescent
mode (cr), the relative calibration factor K is introduced:

Cp = Kf * CF measured
Based on the measurements described above the correction factor (Kr) calculates to

K — Nget (S, sens = 60) 392

= = = 1.09
s Ngee(F,sens =75) 359
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A real sample typically contains a mixture of fluorescent and non-fluorescent particles.
First, find the optimum camera settings for scatter and fluorescent mode and note the
sensitivity values respectively. Second, determine Ky, use the NvS data of your
fluorescent standard, see procedure above. You may want to repeat the NvS
measurements of a fluorescence standard from time to time (within 6-12 months or
earlier). Finally, multiply the concentration value (fluorescent mode only) from your
sample with the correction factor Ks (e.g. 1.09) to obtain the concentration values.

In order to avoid having to manually multiply the concentration (only in fluorescent
mode) with the correction factor Ks, you can enter the correction factor in the SOP menu
before the corresponding fluorescence measurement of your samples is started.

@ Size Distribution Video: Sample Parameters x ‘

Experiment ID Custom Entry
20201113_0010 SRA_02
Path - <please use the browse button to change the storage folder>
5 Z:WNew Samples\20201113_0010_SRA_02_size_488F500.avi EI

SOP | Experiment Parameters

Selectan SOP... £} EVs_Fuor J Reload

—Description

Save Current Settings as New SOP

Delete SOP Update SOP
— Experiment —Options = =
Zetapot. Size Positions uorescence Filter
ZI Autosave .bxt lz Set Temperature 500 nm — ]
@ @Em 7| Autosave .pdf a = Laser
| Multiple Acquisitions 405 488 520 640
# Cydes J Low Bleach
’;j 2

Low Med. High Highest

—Post Acquisition Parameters —Concentration
Min Brightness :—J 30 U Auto Brightness ;} 1 Concentration Correction Factor

Max Area ) 1200 [ ] Muit-Threshold a1

’ ) = i ~—Compare
Min Area ') 100 I J PSD log Correction Sensitivity ~ Frame Rate Compare the current values with the
A o SOP settings.
} r) 80.0 v) 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition

'  Shutter Parameters

nm / Class (7} 5 Classes /Decade 1j 64 & 100

/ ‘j / -‘, ) Read Current
0K Cancel

Figure 12-7: Enter the concentration correction factor.

The correction factor is then taken into account during the fluorescence measurement,
so that the corrected particle concentration is obtained at the end of the measurement.
A manual multiplication of the correction factor with the particle concentration obtained
after the fluorescence measurement is then no longer necessary.
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12.5.3 Manual method

For a full response curve, an example for the determination of the correction factor in
the fluorescence mode is given. Determination is performed with fluorescence
particles. The example below was conducted with a ZetaView® instrument equipped
with a 488 nm laser using YG488 fluorescent particles.

In the table below As is the delta sensitivity, that is the difference of sensitivity in the
scattering and fluorescence mode. n represents the number of detected particles
(readout from ZetaView® software). The average, standard deviation, and relative
standard deviation is calculated from three replicates. Please verify that the relative
standard deviation is less than 15%. When your data shows larger variance, remove
outliers and repeat the measurements. Finally, the correction factor for the
fluorescence mode is calculated by the ratio of number of detected particles in the
scatter mode n(S) and in the fluorescence mode n(F).

The table below contains data from a typical calibration procedure. Ideally,
measurements should result in a delta sensitivity of 16. Then, the instrument
performance in scatter mode and fluorescence mode is equal. In case delta sensitivity
of 16 is not achieved, e.g. when there is background interference, reduce sensitivity to
reduce background. Correct the concentration with the help of the correction factor for
the delta sensitivity you are measuring. For same instrument performance, delta
sensitivity is typically 15 £ 5.

Please note: the correction factor is a function of delta sensitivity and is independent
from the sensitivity you measure. For EVs, you typically perform measurements in
scatter mode s(S) = 80, thus the sensitivity in fluorescence s(F) = 95.

Table 12.4: Typical result for calibration of fluorescence mode.

As = Delta sensitivity, n¢et = Number of detected particles, Ke = correction factor, n(S) = number
of detected particles in the scatter mode, n(F) = number of detected particles in the
fluorescence mode

Scatter Fluorescence

Sensitivity 60 65 70 75 80
As =sS-sF 5 10 15 20
Nget run 1 124 87 114 146 158
Ngdet Fun 2 148 83 109 120 169
Nget Fun 3 126 81 105 112 162
average 135 84 109 126 163
stdev 13 3 5 18 6
Rel. stdev 10% 4% 4% 14% 3%
Correction factor

Ke = n(S)/n(F) 1.61 1.23 1.07 0.83

213


l
高亮

l
高亮

l
高亮


..,00....
{PARTICLE

METRIX
Fluorescence

1.60 .
1.40
510 L]
" o)
L 100 w o
=
S
£ 080 L
w
5 0.60
© As=16
0.40
0.20
0.00
0 5 10 15 20 5

Delta Sensitiviy [ a.u.

Figure 12-8: Graphical representation of the correction factor as a function of delta sensitivity from
the table above.

12.5.4 Worked example

Worked example for fluorescently labeled sample:

1. Sample diluted and measured in scatter mode at sensitivity 80 n(sens=80,
scattering) = 300

2. Sample measured at same dilution in fluorescence mode at sensitivity 85
n(sens=85, fluorescence) = 66, As =5

3. Determine correction factor with manual method (see section 12.5.3). From table
above Kr=1.61

4. Correct concentration and/or count of fluorescence mode: 66 * 1.61 = 72

5. Calculate ratio of the fluorescent particles in the sample:

np*Kp  72+1.61

100% = 359
s 300 X100% %

fluorescent ratio =
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12.5.5 Assumptions

For optimum results, the properties of fluorescent standard beads and sample should
be as close as possible. The correction of fluorescence concentration in the above
example was performed under the assumption that the properties of the fluorescence
calibration beads are similar to the sample. In detail, the assumptions are as follows:

1. Size of fluorescence standard (100 nm) and sample (e.g. 60 — 200 nm) is similar.

2. The fluorescent dye on standard and sample is similar (ideally same). Excitation
and emission properties should be as close as possible.

3. For optimum results, the dyes should be photostable to avoid effects of bleaching,
i.e. reduction of concentration over measurement time. However, due to the fast
acquisition (<1 sec. per position), even dyes showing bleaching may be used.

4. The coverage of sample particles with fluorescent molecules is sufficiently high to
avoid quenching and bleaching effects. For particle detection, the number of
fluorescence photons per second per particle needs to be sufficiently high.
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12.6 Low Bleach

The “Low Bleach” function is suitable for the measurement of fluorescent dyes that
tend to quickly bleach under strong laser light. Excessive bleaching of fluorescent dyes,
e.g. those which are conjugated to biological particles (e.g. extracellular vesicles) for
example by antibodies, can lead to a major problem when measuring the particle
concentration. If the duration of the bleaching process is shorter than the duration of
the video recording at a measuring position, the concentration of the fluorescent
particles is underestimated. The exposure of the particles to the laser should therefore
be as short as possible. In addition, several measurements of the same sample should
measure particles that have not previously been exposed to the laser.

The “Low Bleach” function takes these considerations into account. It can therefore
reduce, but not prevent, the effects of fluorescence bleaching. In the ZetaView®
instrument, bleaching is reduced by an optimized laser control, in combination with the
“‘Dose Sub Volume” function. “Low Bleach” can be operated either with or without the
"Multiple Acquisitions" function.

12.6.1 “Low Bleach” without “Multiple Acquisitions”

After activating “Low Bleach”, the "Dose Sub Volume" function is always activated at
the same time. With “Dose Sub Volume” you select the pump that is connected to the
reservoir that contains the liquid that is also used for the dilution of the sample particles.
Then the volume for the "Dose Sub Volume" function can be adjusted. An example is
shown in the screenshot below.
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@ Size Distribution Video: Sample Parameters X
Experiment ID Custom Entry
20201114_0000 SRA_02
Path - <please use the browse button to change the storage folder>
5, Z:\New Samples\20201114_0000_SRA_02_size_488F500.avi =
SOP | Experiment Parameters |
Select an SOP... 9 EVs_Fluor_LowBleach J Reload

—Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options z =
Zetapot. Size Positions uorescence Filter
L z‘ Autosave .bxt lz Set Temperature 500 nm b l
.m m ﬂ@m 7| Autosave .pdf ;} 235 Laser
" | Multiple Acquisitions " 05 488 520 640
# Cydes ¥ | Low Bleach
A
ul ') 2 r
fl Dose Sub Volume
Low Med. High Highest Use Pump uL
el gt g
—Post Acquisition Parameters —Concentration
Min Brightness :) 30 |_| Auto Brightness :j 1.09 Concentration Correction Factor
MaxArea g 1000 [ | MuitiThreshold T =
b4 —Camera Con ompare
’
Min Area ") 10 |_| PSD log Carrection Sensitivity ~ Frame Rate Compare the current values with the
A 7 SOP settings.
A E} 80.0 J 30.00 Applies to Camera Control
Tracelength r) 15 and some of the Post Acquisition
- i N Shutter Parameters
nm /[ Class :) 5 Classes [ Decade i) 64 :} 100 sead Cin
0K Cancel

Figure 12-9: By activating “Low Bleach” function, ""Dose Sub Volume" is also activated by default.
You need to adjust the volume by which the particles are moved through the measuring cell
immediately before the actual measurement starts in order to move unbleached particles in

the field of view.

After confirming the measurement with OK, the selected pump is used to move the
sample by the adjusted volume (here: 20ul) through the measuring cell. This brings
particles into the field of view that were not previously exposed to the laser. The
measurement starts immediately afterwards. In combination with an optimized laser
control, bleaching of the fluorescence can be reduced in this way.
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12.6.2 “Low Bleach” combined with “Multiple Acquisitions”

The "Low Bleach” function” can be expanded with the "Multiple Acquisitions" function

(see section 7.2). The corresponding settings are shown in the figure below as an
example.

@ Size Distribution Video: Sample Parameters X

Experiment ID
20201114_0000 SRA_0D2

Custom Entry

Path - <please use the browse button to change the storage folder>
9 Z:\New Samples\20201114_0000_SRA_02_size_488F500_000.avi IEI

SOP | Experiment Parameters

Select an SOP... ’) EVs_Fluor_LowBleach "] Reload
—Description
Save Current Settings as New SOP
Delete SOP Update SOP
—Experiment —Options
Zetapot. Size Positions Fiuorescence Fiter
ZI Autosave .bxt Iz Set Temperature 500 nm = l
m Wlﬂ 7‘ Autosave .pdf 4)23 < Laser
1,/| Multiple Acquisitions 405 488 520 640
# Cydes ﬂ Low Bleach
:;) 2 Number of Experiments
1./| Dose Sub Volume :} 3
Low Med. High Highest Use Pump ML Time Delay (min)
SIS D el R
—Post Acquisition Parameters — Concentration
Min Brightness :—) 30 u Auto Brightness :} 109 Concentration Correction Factor
MaxArea 1000 [ | MultiThreshold
) p+ i —Camera Control Compare ———————————————————
Min Area *) 10 \_| PSD log Carrection Sensitivity ~ Frame Rate Compare the current values with the
o A SOP settings.
. v} 80.0 r} 30.00 Applies to Camera Control
Tracelength .-) 15 and some of the Post Acquisition
- ]  Shutter Parameters
nm / Class i} 5 Classes / Decade ) 64 o 100
/ ) f ) (} Read Current
OK Cancel

Figure 12-10: Activated “Low Bleach” function combined with '""Multiple Acquisitions".

As already described above, the adjusted volume is first moved through the measuring
cell immmediately prior to the start of a measurement. The ZetaView® instrument pump
moves the sample forward by the adjusted volume (here 20ul) with the selected pumpl
through the measuring cell. This brings particles into the field of view that were not

previously exposed to the laser. Immediately afterwards, the first of three
measurements starts.

As already described in section 7.2, after a pause (here 0.16 minutes = around 10
seconds) the sample is moved by a further 20ul after the first measurement in order to
move new particles into the field of view for the subsequent second measurement.
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Between the individual measurements, new patrticles are always brought into the field
of view by the adjusted volume. This prevents particles that have already bleached
from being measured again in a subsequent measurement. At the same time,
measurement of "fresh” and unbleached particles in the same sample significantly
increases the statistics of the analysis.
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12.7 Strategies for labeling

g
OO S

>§ Lipophilic membrane dye )i Primary Antibody 1 Primary Antibody
e.g. Di0, PKH67, CMO, GFP —% Secondary Antibody

% Fluorophore
1. Lipophilic membrane dye

The dye molecules (organic) interact with vesicles, in most cases the dye
intercalates into the membrane. Example: Cell Mask membrane dyes.

2. Directly labelled Antibody

On the antibody, a dye molecule (e.g. Alexa®Fluor488) is directly covalently
bound. The antibody attaches specifically on the antigen. Example: Tetraspanin
detection CD9/63/81.

3. Secondary Antibody

An antibody directed against another antibody that already binds to an antigen.
The secondary antibody carries a fluorophore.

4. Surface chemistry (not shown)

In some cases, instead of antibodies a fluorophore is directly linked to the surface.

Wash and no-wash strategies:

Protocols here are exemplary performed in PBS. When using other buffer, check for
background and perform all dilutions in same buffer. The protocols should serve as a
starting point for staining of customer samples.
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12.8 Protocol for staining of EVs with Cell Mask Green (CMG) for 488 nm
laser

1. Needed material
- 0.5-10pLand 100 — 1000 puL pipette including corresponding pipette tips
- Lyophilized or fresh EVs
- 1 ulLaliquot of CMG
- Practically particle free PBS or another customized buffer
- Centrifuge and Vortex
- Gloves
- Microcentrifuge caps

2. Scatter measurement for control
- For reconstituted EVs, expect dilution factor 1:1000 .... 1:5000, e.g. start with
dilution of 1 ul reconstituted EV solution in 999 pl of PBS
- Measure with the ZetaView® in scatter mode
sensitivity: 80 - 85; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000
Or use predefined SOP

3. Staining of EVs with CMG

Reconstituted | | CMG

EVs \ \

9 uL of reconstituted EVs

\ + 1L CMG

{

Incubation
> 1 hin the dark @ room temperature

Dilution 1:1000...1:5000
V=1mL
\ for NTA analysis

4. Fluorescence measurement of stained EVs
- Measure with the ZetaView® in fluorescence mode
sensitivity: 85 - 95; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000 or use predefined SOP
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12.9 Protocol for staining of EVs with Cell Mask Orange (CMO) for 520 nm
laser

1. Needed material
- 0.5-10pLand 100 — 1000 puL pipette including corresponding pipette tips
- Lyophilized or fresh EVs
- 1 ulLaliquot of CMO
- Practically particle free PBS or another customized buffer
- Centrifuge and Vortex
- Gloves
- Microcentrifuge caps

2. Scatter measurement for control
- For reconstituted EVs, expect dilution factor 1:1000 .... 1:5000, e.g. start with
dilution of 1 ul reconstituted EV solution in 999 pl of PBS
- Measure with the ZetaView® in scatter mode
sensitivity: 80 - 85; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000
Or use predefined SOP

3. Staining of EVs with CMO
- Predilute CMO 1:100: add 1 uL of CMO to 99 uL of PBS

Reconstituted | | CMO

EVs prediluted 1:100
in PBS

| 9 uL of reconstituted EVs

\ + 1 uL prediluted CMO

Incubation
> 1 hin the dark @ room temperature

Dilution 1:1000...1:5000
V=1mL
\ for NTA analysis

4. Fluorescence measurement of stained EVs
- Measure with the ZetaView® in fluorescence mode
sensitivity: 85 - 95; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000 or use predefined SOP
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12.10Protocol for staining of EVs with Cell Mask Deep Red (CMDR) for
640 nm laser

1. Needed material
- 0.5-10pLand 100 — 1000 puL pipette including corresponding pipette tips
- Lyophilized or fresh EVs
- 1 ulLaliquot of CMDR
- Practically particle free PBS or another customized buffer
- Centrifuge and Vortex
- Gloves
- Microcentrifuge caps

2. Scatter measurement for control
- For reconstituted EVs, expect dilution factor 1:1000 .... 1:5000, e.g. start with
dilution of 1 ul reconstituted EV solution in 999 pl of PBS
- Measure with the ZetaView® in scatter mode using 488 nm laser
sensitivity: 80 - 85; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000
Or use predefined SOP

3. Staining of EVs with CMDR
- predilute CMDR 1:100: add 1 uL of CMDR to 99 uL of PBS

Reconstituted A | CMDR

EVs prediluted 1:100
in PBS

{_J

9 uL of reconstituted EVs
\ + 1 uL prediluted CMDR

Incubation
> 1 hin the dark @ room temperature
Dilution 1:1000...1:5000
V=1mL
\ for NTA analysis

4. Fluorescence measurement of stained EVs
- Measure with the ZetaView® in fluorescence mode
sensitivity: 85 - 95; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000
Or use predefined SOP
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12.11Protocol for staining of EVs with Antibody-Mix

1. Needed material for staining:
- 0.5-10 pLand 100 — 1000 pL pipette including corresponding pipette tips
- Lyophilized or fresh EVs
- 1L aliquot of CD63-AF488 antibody (clone MEM-259 at 1 ug/ul)
- 1 uLaliquot of CD81-AF488 antibody
- Practically particle free ddH,0, PBS or another customized buffer
- Centrifuge and Vortex
- Gloves and Microcentrifuge caps

2. Scatter measurement for control
- For reconstituted EVs, expect dilution factor 1:1000 .... 1:5000, e.g. start with
dilution of 1 ul reconstituted EV solution in 999 ul of PBS
- Measure with the ZetaView® in scatter mode using 488 nm laser
sensitivity: 80 - 85; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000
Or use predefined SOP

3. Staining of EVs with antibody mix

EVs 1 CD63-AF488 ] CDB81-AF488
\ (1 mg/mL) \ (1 mg/mL) \

\ : ms
\ + 1 uL CD63

+ 1L CDB81

Incubation
2 hin the dark @ room temperature

Dilution 1:1000...1:5000
V=1mL
\ for NTA analysis

4. Fluorescence measurement of stained EVs
- Measure with the ZetaView® fluorescence mode
sensitivity: 85 - 95; shutter: 50 - 150, Min Brightness: 20; Min Area: 10;
Max Area: 1000
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12.12Protocol for double staining of EVs (488/640 TWIN instrument)

1. Needed material for staining:
- 0.5-10 pLand 100 — 1000 puL pipette including corresponding pipette tips
- Lyophilized or fresh EVs
- 1 ulLaliquot of CMDR
- 1L aliquot of CD63-Alexa488 antibody (clone MEM-259 at 1 pg/ul)
- 1 uLaliquot of CD81-AF488 antibody
- Practically particle free ddH,0, PBS or another customized buffer
- Centrifuge and Vortex
- Gloves and Microcentrifuge caps

2. Scatter measurement for control
- For reconstituted EVs, expect dilution factor 1:1000 .... 1:5000, e.g. start with
dilution of 1 ul reconstituted EV solution in 999 pl of PBS
- Measure with the ZetaView® in scatter mode
sensitivity: 80 - 85; shutter: 100 - 150, Min Brightness: 30; Min Area: 10;
Max Area: 1000
Or use predefined SOP

3. Staining of EVs with Ab-mix and CMDR

EVs ] CD63-AF488 | CD81-AF488 | CMDR [}
\ } (1 mg/mL) \ (1 mg/mL) \ } 1:100 \ }
\ | 7 uL of EVs
+ 1L CD63
+ 1 pL CD81

+ 1 uL prediluted CMDR

Incubation
2 hin the dark @ room temperature

V=1mL

' Dilution 1:1000...1:5000
\ for NTA analysis

4. Fluorescence measurement of stained EVs

- Set 488 nm laser

- Set fluorescence mode (sensitivity: 85 - 95; shutter: 50 - 150, Min Brightness: 20;
Min Area: 10; Max Area: 1000) to measure the signal of the antibodies

- Change laser to 640 nm, set fluorescence mode to measure signal of membrane
dye
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13 Zeta potential measurement

The zeta potential (ZP) of a sample is determined in the ZetaView® instrument by
measuring the electrophoretic mobility (Mb) of particle migration in an electric field. The
electrical conductivity of the buffer in which the particles are suspended plays a

decisive role as well. The electrophoretic mobility u, of each individual particle is

calculated via the particle migration v in the applied electric field E. The zeta potential,
that is considered to be the surface charge of each individual particle, is then calculated
using the Helmholtz-Smoluchowski equation.

_v 4mn
'ue_E (=Tf(’€a)'ﬂe

He = Electrophoretic mobility; v = Velocity of particle in E-field; E = Electrical field
{ = Zeta potential; n = Viscosity of medium; ¢ = Dielectric constant; f(ka) = Debye function

Figure 13-1: Electrophoretic mobility (left) and Helmholtz-Smoluchowski equation (right).

Zeta potential of a sample can be measured in all 11 measuring positions as profile
(prof) or in two positions (stationary layers; SL). A profile measurement is
recommended when the sample is unknown and/or heterogeneous. However,
stationary layer (SL) measurements result in a higher resolution of the zeta potential
distribution and is therefore highly recommended.

In general, before samples are measured for the zeta potential, a zeta potential
symmetry correction of the measuring cell should be performed. The symmetry
correction is integrated in a fully automated way for the convenience of the user either
by performing “AutoAlignment” using polystyrene 100 nm beads (see section 6.2.2) or
after one single profile (11-positions) zeta potential measurement. Since the
“‘AutoAlignment” has been already described before, the 11-position zeta potential
measurement is described below:
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13.1 Procedure for performing a zeta potential profile measurement

o bk 0N PE

“ZP_PS100 nm”

Power on the instrument

Set temperature control if necessary

Fill in polystyrene 100 nm beads

Start acquisition with “OK”

Wait until acquisition and analysis is done

Switch to “Analysis” to obtain the results

Perform daily start up procedure (see chapter 5)

Switch to “Measurement” and adjust camera parameters or select the SOP

Please note that no “Overlay” or “Multiple Acquisitions” functions are activated.

File Administrator Help

(Hchai:l Pump &Tunpl Measurement | Anj

r—nRun Option:

Z‘ Autosave .txt
z‘ Autosave .pdf

j Overlay

[ | Multiple Acquisitions

r—Number of Partides
Number of Partides
vs. Position

Number of Particles
vs. Sensitivity

A

600

2
-
1

s

Number of Partides
5 B8 8 3
8 & 8
T

=)
|

| ' '
40 60 80 1

Sensitivity

o-
8-

Conductivity
227  muSfam

Temperature pH
26,6 degC

Update
Cond.

@ Profile Video: Sample Parameters X
Experiment ID Custom Entry
20201114_0000 SRA_02
Path - <please use the browse button to change the storage folder >
% Z:\Wew Samples\20201114_0000_SRA_02_prof_488.avi =3
SOP | Experiment Parameters
Select an SOP... 1) ZP_P5100nm v ) Reload
r—Description
PS100nm 1:250,000 Save Current Settings as New SOP
Delete SOP Update SOP
—Options =
Zetapot. | Size Position: luorescence Filter
E z‘ Autosave .bxt l: Set Temperature Scatter (None) 5= !
m . @[ il 7‘ Autosave .pdf Laser
‘ Multiple Acquisitions 405 488 520 840
Cont.Pulsed J Low Bleach
Continuous: < 2mS/am
Pulsed: > 2mSfem
r—Post Acquisition Parameters r—Concentration
Min Brightness 7} 30 [ ] autoBrightness =F Concentration Correction Factor
Max Area ) 1000 [ ] Mti-Threshoid
M —Camera Control -Compare:
Min Area ;l 10 u PSD log Correction Sensitivity  Frame Rate Compare the current values with the
A 7 SOP settings.
A '} =y '} L0 Applies to Camera Control
Tracelength ) 7 and some of the Post Acquisition
L ) Shutter Parameters
2P [ Class () 128.1 Max 2P ) 1.3 o 100
5 ‘, ) g ') Read Current
0K Cancel

Figure 13-2: Zeta potential profile measurement (11-positions) for symmetry correction. The SOP
“ZP_PS100 nm” has been selected for this purpose.

The symmetry correction can also be executed by clicking on the button “Symmetry
Correction” in the Analysis tab after a profile measurement (parabola) has been done.
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In some cases, an error message may occur after clicking “Symmetry correction”. In
this case, a symmetry correction has already been performed by the instrument.
Therefore, there is no need to execute an additional one.

File Administrator Help

[ cell check | Pump & Temp | M t | Analysis |
n Post Aquisition Parameter
h‘l! = Saveas... |v ‘Mx [ Mn | Br I \a
- 1 L Max ZP £} s PSD Classes [ %)
m 200 10 325 2P [ Class r) 13 rJ| 128.1 PSD nm / Class rj 10 Decade tr.—)l 64
Max Area ’) 1200
Min Brightness ’) 30 MnArea 'JI 100 Tracelength ')l 15 [ muiti-Trreshoid
4 [ ol I:‘ |_| Auto Brightness L PSD log Correction |£| New Traces MI Show 11-Pos Table
r—Sample —ailype Display | Info | Progression | Scatter Plot
Sample: Polystyreme Size Standard A Profile
S e [ R AL [ Cmes
sensed ) Frames 15
Duration 0.5 sec 8.0-
R, | & positions 11 = i -
- -10.0- Pagitive V |r -
‘/ FCS Export — -12,0- Nedptive V  |y™w
esul " -14.0- Averigge o E ¥
Results: Average  Results: X Values | Peaks | ROI e 16.0- = 0. <,!;-_-\-a ’
i Mobility -18.0-
, | ol y
P10 -49.40 -3.86 I == E
ZPs0 -20.36 -1.59 =~ -22.0-
P30 5.42 0.42 . % -24.0-
Span -0.37 -0.03 - K -26.0~|
Mean -19.02 -1.48 1 9 © -28.0-
StdDev 0.50 0.04 | 30.0-
ZP (mV), Mb (um/sec/V/cm) @ 25°C -32.0-
Quality —Data -34.0-
cel WeryGesd I TracesFound 3859 S %60
-38.0-
-40.0-
-42.0-, ' 1 ' [ ' 1 1 ' [ ]
Number of Partides 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
|_ Average (11Pos.) |270.77 Apparent Partides /mL  1.2E+8 | Position

Temperature pH Conductivity Update
20.3 degC 68 pSfem | Cond.

Figure 13-3: Symmetry correction can be performed by clicking the “Symmetry Correction”-button
after having completed a zeta potential profile measurement. The result can be presented
as a histogram by changing from the parabola button to the distribution button.

13.2SL-Measurement

As already mentioned above, a zeta potential measurement in the stationary layers
(SL) results in a higher resolution compared to a profile measurement. Furthermore,
the measurement parameters, such as the number of cycles and the number of video
frames (Low, Med., High, Highest) can be more flexibly adjusted in an SL-
measurement, compared to a profile measurement.

An SL-measurement is basically carried out in the same way as a profile measurement
but at 2 specially designated positions, namely SL1 (that corresponds to position
0.1495) and SL2 (position 0.8505). Depending on the conductivity of the liquid in which
the particles are suspended, an SL measurement can be carried out in two different
modes.
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The continuous mode should be used if the conductivity of the buffer does not
exceed 2mS/cm (milli siemens per centimetre).
The pulsed mode is an extended mode for ensuring zeta potential measurements

at high conductivities. If the conductivity is higher than 2mS/cm. Measurements in
continuous mode with high conductivity may lead to incorrect results.

An example of the settings for an SL measurement is shown in the figure below.

File Administrator

Help

& Stationary Video: Sample Parameters

| cett check | Pump & Temp | Measurement | Anal

Experiment ID ‘Custom Entry

—Run Options

v Autosave txt
v'| Autosave .pdf

Overlay

—Number of Partides

Number of Partides

Number of Partides
va. Sensiiuit

‘ vs. Position
400

350
0
3 300+
&hzsn—
200-
150-]

Number of

100~
50~ 0
0 20

: .
0 e 8

Sensitivity

i
104

P
Temperature pH
6.0 degC

fconductivity
6 Sfcm

Update
Cond.

20191122 0002 |Samplet

Path - <please use the browse button to change the storage folder >
% Z:\Tobi\20191122_0002_Sample1 SL.avi

SOP | Experiment Parameters

Selectan SOP... ) <No 50>

r—Description

[*] Reload

Save Current Settings as New SOP

2 Delete SOP Update SOP
—Experiment 3 —Options
Zetapot.] Size Positiga
M Autosave .txt J Set Temperature
el | (7] Astessve o —
|| Multiple Acquisitions 405 488 520 640
Cont.Pulsed Cydes || LowBleach
=l 92
Continuous: < 2mS/am Low Med. High Highest
——— CE=E]
(—Post Acquisition Parameters —Concentration
. Concentration Correction Factor
Min Brightness (£} 30 Auto Brightness ‘1
Max Size :) 1000 PSD log Correction —Camera Control Compa
Min Size i) 10 Sensitivity  Frame Rate gg’yw&zz current values with the
4 A y se S.
Tracelength £ 7 gno Js Apples to Camera Control
T and some of the Post Acquisition
2P | Class :_)1_3 Max ZP :j 128.1 E A — Parameters
Y) Read Current
0K Cancel

Figure 13-4: SL-zeta potential measurement. The conductivity of the sample buffer can be checked
(1) with the button ""Update Cond.". Based on that result, either the continuous or the
pulsed mode (4) must be adjusted accordingly for the subsequent measurement.

Depending on the sensed conductivity, the selection of continuous or pulsed mode is
made automatically, so a manual selection is not necessary.
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After an SL-zeta potential measurement, the ZetaView® software can display the result
of the measurement as a histogram of the electrophoretic mobility (Mb) or zeta
potential (ZP). Both histograms are very similar and differ only by the zeta potential
factor (ZP Factor). An example is shown in the figure below.

File Administrator Help

|0§Checkl Pump&Te'npl MmsurenentlAndvﬂ'
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a T & I:‘ u Auto Brightness | | PsDlog Correction m New Traces |i Show 11-Pos Table
—Sample Video Type Display | Info | Progression | Scatter Plot
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S o o o o] o) R A
sensed v Frames 30 A m A s E
Duration 2.0 sec I
| [
#Cydles 2 - 20101122 0001 Samplel Sh.2vi[100011020] oy
Aready Analyzed ance 17.55. 74
20-
v Fcs Export p——
— 65—
Results: Average | Results: X Values | Peaks o)t -
Displa: — 60—
Zeta Potential (mV) @25°C -17.41 55-
o
ustom 50-
2P Factor + 13.05 Span | 1.50
. o 3 45—
o0 P Factor | 14.0 FWHM |29.24 e e
Falpe el
17\ . -
% s
30-
25
Quality —Data o 20-
cot VGG ces Found 1478 15+
= o
4 i ' I [ I [ | | | |
Number of Partides -100 80 -60 -40 -20 0 20 40 80 80 100
|_ Average (2Pos.) |317.12 Apparent Partides /ml  1.4E+48 | Zeta Potential /mV
Temperature pH Conductivity Update
27.4 degC 68  pSjcm | Cond.

Figure 13-5: Example of a zeta potential distribution after an SL-measurement. On the left side the
Average values, the X Values and peaks (big red frame on the left) are shown. The
histogram of the zeta potential measurement is shown on the right. The small red frame
indicates where to switch between mobility (Mb) presentation and zeta potential (ZP)
presentation. The corresponding buttons are then marked in the ZetaView® software.

After an SL-measurement has been performed, the zeta potential, reported in millivolts
[mV] and averaged over all histogram values, is reported in the tab "Results: Average"
The zeta potential is based on a temperature of 25°C. The “ZP factor” (zeta potential
factor) is a multiplicator used to convert the electrophoretic mobility (Mb) into the zeta
potential. The “ZP Factor” depends on the temperature and viscosity of the liquid and
usually varies between 12 and 14. The standard deviation (+/-), the span and FWHM
is reported in the “Results: Average” tab as well.
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The X-values (percentiles) and the detected peaks of the histogram can be displayed
in the tabs “Results: X Values” and “Peaks”.

Results: Average ~ Results: X Values ‘ peaks | RO Results: Average | Results: X Values Peaks
_ P Maobility | i Freguency FWHM %
P10 | -35.64 -2.78 i -15.9 63.4 26.8 | 100.0
ZPs0 -19.49 -1.52
ZPa0 -3.39 -0.26
Span -0.60 -0.05
Mean -17.41 -1.36
StdDev 13.05 1.02
ZP (mV), Mb (um/sec/Vfcm) @ 25°C ZP, FWHMin mV @ 25 °C

Figure 13-6: Left: Percentiles (X-Values) of an SL measurement. Right: Peaks of the histogram of
an SL-measurement.

As with size measurements, zeta potential measurements can be plotted in a
distributive and cumulative manner. Histograms of zeta potential measurements can
also be summed, normalized, averaged and smoothed. The procedure is identical to
that for size measurements. This is also true for the presentation of the zeta potential
histograms in a step plot, bar plot and line plot as well as for scaling of X- and Y-axis.
For more information, the reader is referred to the chapter 10.
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13.3 Re-analysis of an existing zeta potential measurement

The ZetaView® software can re-analyze an existing zeta potential measurement with
altered post-acquisition parameters. The precondition for this is that the corresponding
video file of this measurement is still available, since it contains all raw data for a new
analysis. If there is no video file, a re-analysis is not possible.

13.3.1 Load a video file for re-analysis

For a re-analysis, the video file of any desired measurement can be (re-) loaded in the
Analysis tab via the button "Load Files / Analyses (Clear List)". The procedure is the
same to that described for re-analysis of a size measurement (ref. section 10.7).

Depending on if an 11-position measurement (profile) or a stationary layer
measurement (SL) is to be re-analysed, it is important to pay attention to the extension
"prof* or “SL” in the file name when re-analyzing a zeta potential measurement. Here,
the procedure for an SL-measurement is shown in the figure below, but it also applies
for a profile measurement.
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Figure 13-7: Loading the video of an existing zeta potential measurement.

1. Click on "Load Files / Analyzes (Clear List)"
2. Browse to the desired storage folder

3. Open the database
4

Select the desired measurement for (re-) analysis. The sub-item highlighted in
blue in this sample already contains parameters from the first analysis

5. Load the histogram by clicking “OK”
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As with a size measurement (ref. section 10.7.1), you can either load an already
existing analysis that was previously analyzed with the post-acquisition parameters set

at the time, or you can start a new re-analysis with the currently set post-acquisition
parameters.
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Figure 13-8: You can select whether an existing analysis is to be loaded or a new analysis should be
carried out with the current post-acquisition parameters.
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5] 20201114_0000_SRA_02_5L_488 1000I 1(;‘ ! 30 el g = Max 2P E) e R g} = ;mmcs[ ﬂ s
Max Area £ 1000
MinBrightness £/30 M Area £ 10 Tracelength £)|7 [ MultThreshoid
o ' :l:i [ Jautosrightness [ | psDlog Comection  [v”] New Traces Show 11-Pos Table
e __Video Type Display | Info | Scatter Plot
Sample: SRA_02 ~ Stationary
Electrolyte: , pH 7. ed, Conductivity: 251, =
ES o s e || (o o] BB SR A
Duration 2.0 sec 57-
I #Cydsz = 20201114 0000 SRA- 02 SL 489 —_— |
Already Analyzed | | Cancel I T - - T -5.25,54
|v'| Fes xport 07
Results: Average ‘ Results: X Values | Peaks | ROI R 45-
Zeta Potential (mV) @25 degC -10.01 40-
- [rn]fzz]
T Paci + 13.31 Span 4.34 35-

30.0 ZPFactor | 12.4 FWHM  9.88 QI:I Eﬂ!-
‘n =

e
Quality —Data Display 15-
cel VRIS Traces Founs | 103 10-
= ;-
35 [ ] 1 | 1 1
Number of Particles -100 -80 -0 40 60 80 100
F Average (2Pos.) 84.37 Apparent Partides /fmL  1.4E+47 |

27.1 degC mus/em | Cond.

Temperature pH  Conductivity Update | ‘ ‘

Figure 13-9: An already existing analysis has been loaded.
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All newly performed analyzes are saved and displayed as sub-items under the
corresponding sample / measurement name. If a measurement has been re-analyzed
several times with different post-acquisition parameters, all analyzes performed appear
as a compilation of the post-acquisition parameters used. An example of a

measurement that was re-analyzed three times with different parameters is shown
below.

File Administrator Help

L(‘dched(!i‘umnlfempl ]ml
= Post Aquisiton
| i) = === F .m\m\a: 29 [Class 513 MaxZP 01280 PSD nm /Class £} 5 PSD Classes / [y 64
ass o 1. o) 128.1 nm 1SS+ s
J J J Decade ¥
A
@ ZetaVIEW Experiment & Analysis Explorer
8 2:Wew Samples o=
—
| DB/DefFie MxSz|MnSz|MnBr|Tri|TLINT|lgCiwd|mx|Cs | Sze | Ext| Modfied 4| Type avi Stationary ~
&3 Database Existing Analyss__|Mx 5z | Mn 5z | Mn Br | TR*= | TL | NT | logC | wdth | max | Cls
{8 Standard [ZetaUser]* 1000 | 10| 30 (100 7| 1| 0] 1.3 | 128 0O
- ! w 10/15/2020 12:211 | | Operator ZetaUser
10/15/2020 12:2 Date 2020-11-14
IS | / Tme 01:18:22
v | Fes ey Sample SRA_02
Autosymmetry ] =
Results: Average | Resuits = ZetaVIEW S/N 19-468
Offset_sze_388 Software 8.05.14 SP7
Zeta Potentia -?::"-“' ji:s
_TGF_21_size _
;”i“:’c“,,,, + 0 _TGF_22_size_433
p | 0006_SRA_01_size_488
Jo.o 2P Factor ||
QUsky @ 10 30100 1
Cell + 2 - _04_SL_488
) 20201114_0003_SRA_04.SL 11/14/2020 2:01:
+ @ 20201116_0000_Autosymmetry 11/16/2020 4:47:4
Number of Partides ———| © @ 20201116_0001_Autosymmetry 11/16/2020 5:02:¢
r Average (0Pos.) 10.00 | | () =3 LAPTOP-UKBEDSSS (Fie System)
| v
Temperatre pH G4
26.3 degC | X oK Cancel

Figure 13-10: 3 analyzes of the measurement “20201114_0000_SRA _02_SL 488” are highlighted in
red. The post-acquisition parameters used are listed in each of the three lines. The currently
selected analysis is highlighted in blue.

Please note that it is not possible to display an SL-measurement and a profile
measurement at the same time in the same diagram. Likewise, it is just as impossible
to display any zeta potential measurement (SL or profile) simultaneously with a size
measurement in the diagram due to different scaling of the x-axis.
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13.3.2 Re-analysis of a zeta potential measurement that has just been carried
out

Starting from an already existing or (re-) loaded histogram (video file), the post-
acquisition parameters can now be changed according to the requirements of the
operator. However, “PSD nm/Class” and “PSD Classes/Decade” cannot be changed
as they are related to size measurements. In the example below, the “Max Area” was
decreased from 1000 to 200 in order exclude large and high scattering particles in the
new analysis. However, additional post-acquisition parameters such as “ZP / Class”,
Max ZP (see sections 13.7 and 13.8) or Tracelength (ref. section 8.3) can be changed
simultaneously and re-analysed afterwards as well.

File Administrator Help

|CelChecklPump&Te.mpI. I' ""'
. Post Aquisition P
.J-‘|!J = Saveas.. |v Mx | Mn |Br |« | = A m»armmMaxZP £ 4 PSD Classes / 2}
] 20151122_0001_Sample1_SL.avi 1000 10 30 2P [Class g 1.3 180 PSDm/Clss g5 Decade | BPE4
Max Area ’) 200
Min Brightness :) 30 Min Area '.) 10 Tracelength ';‘I 7 I:‘ Multi-Threshold
a T A |_| Auto Brightness |_ PSD log Correction m New Traces Iﬂ Show 11-Pos Table
—Sample —Video Type Display | Info | Progression | Scatter Plot
Sample: Sample1 A Stationary =
o ———— o= O [N
sensed - Frames 30 b i £N E
Duration 2.0 sec 78~
# Cydes 2 -
- -17.55, 74
1 65—
Results: Average | Results: X Values | Peaks o)} e e
Zeta Potential (mV) @25°C -17.41 E 55-
Custom |
2P Factor + 13.05 Span | 1.50 50
go.0 ZP Factor | 14.0 FWHM |29.24 \_/ §45-
Ve lps B
Y -
30-
25-
Quality —Data —_— 20-
cet VBRI TracesFound 1478 15-
= -
4:I 1 1 [ 1 1 1
Number of Partides -150 -100 -50 0 50 100 150
|_ Average (2Pos.) |317.12 Apparent Particles /mL  1.4E+8 | Zeta Potental /mV
Temperature pH Conductivity Update
30.5 degC 70 pSfem Cond.

Figure 13-11: In this histogram, the “Max Area” has been decreased from 1000 to 200. After
changing at least one post-acquisition parameter, the new analysis can be started by
clicking the ""Analyze™ button highlighted in red. However, it is also possible to change
more than one post-acquisition parameter simultaneously for re-analysis.
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The duration of the re-analysis depends on which post-acquisition parameters have
been changed and how much they have been changed.

File Administrator Help

allich;ki] Pump & Temp ] Measurement I Analysis I

‘!JL‘ = Saveas... |wv

[55] 20191122 0001 _Sample1 SL.avi

—Sample

Sample: Sample1
Electrolyte: , pH 7.0 entered, Conductivity: 69.97 pSjcm
sensed

A

v

Mx Mn | Br

Results: Average | Results: X Values | Peaks | ot

Zeta Potential (mV) @25°C 0.00

Custom
2P Factor + 0.00 Span 0.00
9]0.0 ZP Factor  14.0 FWHM 0.00

Post Aquisition Parameters

Progression |

[ EATE (A~

Quality
[ cot NG Traces Found 1130

—Video Type Display | Info
Stationary
ne
ronese | I
Duration 2.0 sec 59
#Cydes 2
55—
m_
45-
40-
35-
Ew-
25-
20-]
ta — 15-
=)= o
= 4

Number of Partides

|_ Average (2Pos.) 0.00

Apparent Partides /mL | 0.0E+0

| -150

-13.64, 56

Temperature pH Conductivity Update
30.5 degC 70 uSfcm | Cond.

Figure 13-12: The re-analysis is indicated by the progress bar, it can also be stopped at any time.

237




{PARTICLE

METRIX
Zeta potential measurement

Since a completed re-analysis is not automatically saved as a pdf report or as a text
file, it is strongly recommended to save it manually. This is also important because the

X values, peaks and all other values in the Analysis Menu have changed after a re-
analysis.

File Administrator Help

|0elcheck| Pump&Temp' Hmmt‘ m‘

“MJMn]Br Post Aquisition Parameter
X ’
TR 50”—] /dass 13 MxZ o0 PSDnm / Class )5 &M/QM
Max Area 9 200
Min Brightness 4 2 "
rightness .') 30 Min Area :) 10 Tracelength J 7 D Multi-Threshold
i DAutnBrid‘mess DPSDbngecﬁon NewTraaes [Z]Showu-PosTabie
— Video Type Display | Info | Progression | Scatter Pt |
Eleardwe rHl70 tered, Conductivity: 69,97 uS/am || —— ne E
4 .0 enl H A B
i ' — Ed o (51 ] EA A
= Duration 2.0 sec 77
——————————— e S 5 [
‘ Already Analyzed ] Cancel “ 70-
|v] Fes Export =
Results: Average | Results: X Values | Peaks | R0t iy 60-
Zeta Potential (mV) @25°C -17.35 55+
S + 138 Span | 1.47 S
y ¥ -
‘,)u.o ZP Factor | 14.0 FWHM |29.79 77' E‘“'
-
m-
zs—
Quality ta B — 20-
[cd NG Tocesrond 1357 || <o) 15-
o)
= ol
4: ) 1 1 1
Number of Partides -150 -100 50 100 150
I_ Average (2Pos.) 315.00 Apparent Partides /mL  1.4E+8 |
Temperature pH Conductivity Update
30.6 degC 70 pSfom | Cond.

Figure 13-13: Manual saving of the re-analysis of a zeta potential measurement.
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13.4 Scatter Plot of an SL zeta potential measurement

By clicking on "scatter plot" at the top right of the histogram, the zeta potential
measurement can also be displayed as a scatter plot. For this, an FCS file is required.
The precondition for displaying the scatter plot immediately is that "FCS-Export" was
switched on in the Analysis Menu before the corresponding measurement has started.

File Administrator Help

|Oelcheckl Pump&Templ. ‘Im'

Post Aquisition Parameter

| o = Saveas... |u Wx [ (B | .
£ Max ZP £ ! PSD Classes [ £
] 20151122, 0001, Sen [N 00 10 3 2P [Class £ 1.3 o180 PSDnm / Class 7} 5 e .’5)54
Mox s 0
Report .pdf A ',‘ A
Screenshot Min Brightness 'J' 30 Min Area ,) 10 Tracelength ,)\ 7 D Multi-Threshold
4 |— ol I_| Auto Brightness L PSD log Correction Iﬂ New Traces m Show 11-Pos Table
—Sample — Video Type Display | Info | Progression | Scatter Plot
Sample: Sample 1 A Stationary =
e ] o] TR 2R -
sensed v Frames 30 b i N (e
Duration 2.0 sec 77-
#Cydles 2 - |
Alreadv Analvzed Cancel 20- 73
FCS Export -
Results: Average | Results: X Values | Peaks | ROI -
| | TR &
Zeta Potential (mV) @25°C -17.35 - S
Custom 50—
2P Factor + 1318 Span  1.47
j A A 45-
0.0 2P Factor | 14.0 FWHM 29.79 1
I =3 a0-
Rzl £ -
30-
25—
Quality —Data — 20-
cel NEMGOENMI Traces Found 1487 15-
= .
4:I ] I 1 I
Number of Partides -150 -100 50 100 150
|_ Average (2Pos.) |315.00 Apparent Partides /mL | 1.4E+48 | Zeta Potential / mV

Temperature pH Conductivity Update
30.6 degC 70 pSfem | Cond.

Figure 13-14: The scatter plot can be accessed by clicking the corresponding button right above the
histogram. It is important that the “FCS Export” was switched on before the corresponding
measurement has started.
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An example image of a scatter plot after an SL-measurement is shown below.

File Administrator Help

|c«.lched| PumpaTempI. ‘IM'

ane——
% 2:\Tobi\20191122_0001_Sample1_SL_1000-010-030-100.0-7-1-0_20191122-100350.fcs = B
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900.0- 30-
75- |
800.0- 70-
65-]
700.0 60-
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50-
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8 ~
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s 30-
300.0- ® od 25-]
". s ® @ 20-
007 . " o s © 15-
e ® "o 20 .58 afge o
100.0 ® ®a “o" .:sn'bsd'h‘h% a2 10 ‘
L] O 5- 1
s ®
i L
0.0-, ' 1 1 0~ T T ' 1 1 T (R
0.01 0.1 1 5 20 50 100 200 500 1000 3000
ZetaPotential Diameter /nm
Jorignal I | =| X[ 147

Temperature pH  Conductivity Update
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Figure 13-15: For a meaningful representation of the scatter plot after an SL- zeta potential
measurement, the Y-axis is plotted with the size and the X-axis with the zeta potential.
Particles in the scatter plot can be surrounded by the mouse to create a new cluster which
is displayed under the scatter plot. The number of particles of every cluster is displayed as

well.
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If “Scatter Plot” is clicked and no FCS file is available after the measurement, the

software gives a message that no FCS file is available and asks for creating an FCS
file for subsequent re-analysis.

ZetaVIEW Analyze  ScatterPlot |
.

5 =l B

The scatter plot cannot be initialized.

The required FCS file corresponding to the selected analysis is not available.

Click <Reanalyze> to analyze the video again.

Figure 13-16: If an FCS file is not available for re-analysis, it can be created by clicking “Reanalyse”
in the Scatter Plot tab.
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13.5 Description of the PDF report of a zeta potential measurement

o L
{ PARTICLE
METRIX

v particle-metriv.com

ZETAVIEW®

Electrophoresis & Brownian Motion
Video Analysis
Laser Scattering Microscopy

QOparator {Report): Service

Particle Metrix

Wihdmoos 4

D-32265 Inning am Ammerses
Garmany

Video Operator: Sanvice

Sample Parameters

Sample Mame: Zeta Polential 1.05 g'cm?

Sampla Into 1: Swrtace modined polystyrana 0.029%
Sample Info 2 Lot: JL123.456

Sample Info 2: Exp. 31.Jul.32023

Elactrolyta: NaoH

Temperature: 25,13 “C sensed

pH 10,0 ontarad

Congductivi :Z 0,00 hS."Em anerad

Instrument Parameters
Lasor Wavolongth: 428 nm
Flitar Wavalangth: Scattor

Result
Mobllity: -3, 23 PWHM 0,74 pm/sacvcm, &@ 25 G -3, 24 pum/sacvic
ZP Factor: 12,8 (Smoluchowskl)
t tant e 4 1€ My
7,3E+7 Pariicies/ mL
1000
7,9E+10 Particles / mL

Concantration
Dilutlon Factor:
Criginal Conceniration:

Cuality

Sanshivity: 80 lavorage Counted Particles per Frama: 181
Shutter: 500 Mumber of Traced Pariicles: 333
— =
SOP: ZP_488 5L PSL: 6,17 mV
Stationary 2 Cycies -
Description: Zelapotential Control -50 My aliution 1:1000 In NAoH Analysis Parameters
§ i tlons Max Area 1000, Min Area 10, MIn Brightness 30, ZP/Class: 2,0 mV
] ) ]
60 6O
50 50
[ T 4 | |
i Tl
(=) L=
E 30 .,'1"_ 30
20 20
10 10
3 1
100 -BO -0 -40 -20 O 20 40 &0 80 100 -54 50 47,5 -45 425 40 -370,5 -35 325 -25
Feta Potestial / my Zeta Polential | e
Stationary Layers Zeta Potential / mV
SL1: 0,149 -45,069
SL2: 0,851 -38,8497
Peak Analysis (Concentration)
Zota Potontial / mv Fraguency FWHM/ mV Parcentaga
-41,8 53,8 9,5 100,0
Comment

[Sigeatura)

Anglyzad Video: CiTemp'Zeiaview Tesls\20221212 0001 ZP Conlrol SL 483.8w|

Exparmant: 2023-12-12 11:48 ZaleView SN 21-670, Software ZalaView (varsion B.05.18 SP3)

Raporl: 2022-12-12 11:43 Sofwam ZataView (warsion 8.05.18 SP3)
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1. Sample Parameters

Here, the sample information that was entered on the measurement menu are documented.
All those information (comment, sample info 1, sample info 2, sample info 3, Electrolyte,
Temperature, and pH) can be found and entered in the ,Experiment Parameters® tab (see
below).

Note: The Sample Name has to be entered each time the measurement menu is opened, there
is no auto-fill of that field or any linkage to the Custom Entry File Name.

Experiment ID File Mame Custom Entry
20221212 0001 ZP_Control
Path - <please use the browse button to change the storage folder>
% C:\Temp\ZetaView_Tests\20221212 0001_ZP_Control_SL_488.avi El

s0p  Experiment Parameters

—Sample & Electrolyte
Sample Mame o

Zeta Potential 1.05 gjcm?

Electrolyte
MNalH
Dilution ‘Solvent (for Viscosity Calculation)
) 1000 ) Defaut
Temperature pH Conductivity
24,0 = ;) 10,0 ;) 0 pSfcm
—Sample Info

Surface modified polystyrene 0.02%
Lot: JL123.4585

Exp. 31.Jul.32023

—Options

l:‘ Overlay

0K Cancel

Figure 13-17: The settings for the Experiment Parameters are highlighted in red.

2. Instrument Parameters
This section lists which laser and camera settings have been used during the
measurement (e.g. laser wavelength, filter wavelength, shutter and sensitivity settings). If
no fluorescence filter was used, “Scatter” is stated on the report.

3. SOP
This section lists the name and description of the used SOP and what kind of
measurement has been performed (size distribution or zeta potential measurement). In
addition, it lists the number of the cycles. In case an SOP was not saved before starting
it, (e.g. status of the SOP shows red), the reports states < No SOP >,
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4. Result informs about:

Electrophoretic mobility

FWHM for electrophoretic mobility
FWHM calculated for 25°C

Zeta potential factor according to Smoluchowski

Zeta potential calculated for 25°C

FWHM of zeta potential distribution calculated for 25°C

um/sec
V/cm

5. Measured concentration of the particles, dilution factor and original calculated
concentration is documented. The original concentration is calculated by the
dilution factor multiplied by the measured concentration.

6. Quality

Average counted particles per frame is a calculated value and describes the
number of particles that are detected on average within one video frame. This
number is very similar to the ,No. of Detected Particles” that you can see in
the lower right bar in the software interface.

Number of traced particles is the total number of particles that are analysed in
the statistics.

ASL: Difference of SL1 and SL2. The difference should not exceed 10mV.
When the difference is larger than 10mV, symmetry correction should be
carried out.

7. Analysis Parameters (post-acquisition parameters) that were used for the
measurement:

Max Area (maximum number of pixels that a particle contains to be analysed
in the statistics)

Min Area (minimum number of pixels that a particle contains to be analysed in
the statistics)

Min Brightness (grey level of the particles) describes the minimum grey level
that a particle has for analysis in the statistics

8. Histogram of the zeta potential distribution

9. Histogram of the zeta potential distribution plotted in a wider way
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10.

11.

12.

13.

14.

Stationary Layers

Description of the stationary layers SL1 and SL2 and their relative position is
indicated.

Picture of the first image taken during the measurement

Peak Analysis

Peaks that were found in the zeta potential distribution.

Experiment and Report Details

This section lists the details about the analyzed video file (e.g. Windows path and file
name) and when the experiment was conducted (e.g. time stamp, ZetaView serial number
and software version used). It lists also details when the report was created (e.g. time
stamp and ZetaView software version).

Company Information
Starting the ZetaView software in Administratior mode (see section 15.1), the
Measurement tab offers a “PDF Report Settings” button to customize the report header.
See also section 7.3.14.
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13.6 Text file of zeta potential measurement

After a zeta potential measurement has been carried out and evaluated, a text file is
stored in addition to a video file (which contains the actual raw data of the
measurement) and the pdf report, regardless of whether the sample was measured in
scatter mode or in fluorescence mode.

Basically, the text file consists of 2 parts:

The top part represents the header of the text file, and contains the name of the file,
operator, software version, and the numerous parameters used to measure the
sample. This header is similar to that of a text file derived from a size measurement
(see chapter 11).

In the second part of the text file, the electrophoretic mobility (Mb), the corresponding
zeta potential (ZP) and the number of particles that have been assigned to a zeta
potential bin class are listed. This is also similar to the result table of a size
measurement. The figure below shows a section of the text file.
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Results:

Mean Velocity (Pos ©.1494398) / um/s: -4.299652
Mobility / um/s/V/cm: -1.246194
Mobility @ 25°C / um/s/V/cm: -1.359889
Mobility FWHM / um/s/V/cm: 2.893194
feta Potential / mV: -17.489869

Zeta Potential @ 25°C / mV: -17. 489869
ZP FlHM [/ mV: 29.241477

Histogram:

Electroph Mobilit 25°C um/s /V/cm P mV FFreguenc
-9.895E+8 -1.267E+2 g.088E+8
-9.793E+B -1.254E+2 B.088E+8
-9.692E+8 -1.241E+2 g.088E+a
-9.598E+8 -1.228E+2 g.088E+8
-9, 489E+8 -1.215E+2 B.088E+8
-9.387VE+B -1.282E+2 g.088E+0
-9.286E+8 -1.189E+2 g.088E+a
-9.184E+8 -1.176E+2 g.088E+8
-9.B83E+B -1.163E+2 B.088E+8
-8.981E+8 -1.158E+2 g.088E+0
-5.080E+8 -1.137E+2 g.088E+a
-8.778E+8 -1.124E+2 g.088E+8
-8.677E+B -1.111E+2 B.088E+8
-8.575E+8 -1.898E+2 g.088E+0
-8.474E+8 -1.885E+2 g.088E+a
-8.372E+8 -1.872E+2 g.088E+8
-8.271E+B -1.859E+2 B.088E+8
-8.169E+8 -1.846E+2 g.088E+0
-8.068E+8 -1.833E+2 g.088E+a
-7 .966E+8 -1.828E+2 g.088E+8

Figure 13-18: Detail of a text file generated after an SL-measurement. The bin classes of the
electrophoretic mobility and the zeta potential are listed in the first and second column
highlighted in red and blue.

The first column highlighted in red describes the electrophoretic mobility at 25°C, which
is divided into bin classes, similarly to the bin classes in the text file of a size
measurement (ref. section 11). The wunit for the electrophoretic mobility is
pm/second/Volt/centimeter.

The second column highlighted in blue represents the zeta potential classes in
millivolts.

The last column highlighted in green shows the number of particles that have been
assigned to a particular mobility or zeta potential class.
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13.7 Adjusting the zeta potential per class

Similar to a size measurement the bin classes of the zeta potential can be adjusted
and changed with the parameter “ZP / Class". Since this parameter is a post-
acquisition parameter, the video must be re-analyzed as described previously in
section 13.3. This function allows the user to modify and adjust the resolution of the
displayed zeta potential histogram according to match the desired presentation. The
smaller the bin class, the higher the resolution of the histogram, and the more classes
that are considered when displaying the histogram.

Post Aquisition Parameters Post Aquisition Paramete:
7 axZP 7} P PSD Classes / 4/ axZP 5 PSD Classes / 5
ZP [Class ] 1.3 rj 128.0 PSD nm / Class rj 5 Decade / r} 64 2P [Class ) 10.0 .—) 128.0 PSD nm / Class rj 5 e rj 64
Max Area ’:) 200 Max Area ] 200
Min Brightness l) 30 Min Area ’,j 10 Tracelength ',j 7 E Multi-Threshold Min Brightness i‘! 30 Min Area L) 10 Tracelength :j 7 I: Multi-Threshold
u Auto Brightness | |PsD log Correction Iﬁ New Traces \i Show 11-Pos Table u Auto Brightness | _|PSD log Correction 1/ New Traces \i Show 11-Pos Table
Display | Info | Progression | Scatter Plot Display | Info | Progression | Scatter Plot
A\ 1 "
) (5] A [ [ (51 ] A [
7= | 516- [
70 -17.54, 73 49
450-
65+
60- a00-
55-
350-
50—
T 45— T 300-
el g
35+
30- 200-
25|
150
20-
15- 100~
10-
50—
4:| ' ] i ' ] [l 25, [ i I ' | 1
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
Zeta Potential / mV Zeta Potential / mV

Figure 13-19: In this example, on the left side “ZP/Class” is adjusted to 1.3 mV. The histogram has
a higher resolution than the histogram on the right where the bin class is set to 10 mV. The
peak of the histograms may differ a bit depending on how the bin classes are adjusted.
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Each individual value in the column for zeta potential (second column) represents the
center of the adjusted bin class. This is shown in the figures below where the bin class
is adjusted to 1.3 and 10, respectively.

The class width for a specific “ZP/Class” can be calculated by adding or subtracting
half of the “ZP/Class” values to the value of the corresponding bin class. The resulting
values represent the upper and lower limits of the respective class. For better
understanding this is shown figuratively below.

Electroph Mobility @ 25°C / um/s/V/cm ZP / mV Frequency Electroph Mobility @ 25°C / um/s/V/cm ZP / mV Frequency
-9.886E+0 -1.266E+2J -8.977E+0 -1.158E+2

-9.785E+0 -1.253E+2 -127.25 mV -8.197E+0 -1.050E+2 -120.00 mV

-9.684E+0 -1.240E+2 B ] 0.65 mV -7.416E+0 -9.500E+1 . ] 5.0 mV
-9.582E+0 -1.228E+2 -126.60 mV -6.635E+0 -8.500E+1 -115.00 mV

-9.481E+0 -1.215E+2 : :l 0.65mv | [-5.855E+0 -7.500E+1 - ] 5.0mV
-9.380E+0 -1.202E+2 -125.95 mV -5.074E+0 -6.500E+1 -110.00 mV

-9.278E+0 -1.189E+2 -4.293E+0 -5.500E+1

-9.177E+0 -1.176E+2 -3.513E+0 -4.500E+1

-9.075E+0 -1.163E+2 ZP/Class 1.3 -2.732E+0 -3.500E+1 ZP/Class 10

-8.974E+0 -1.150E+2 -1.952E+0 -2.500E+1

-8.873E+0 -1.137E+2 -1.171E+0 1.500E+1

-8.771E+0 -1.124E+2 -3.903E-1 -5.000E+0

Figure 13-20: The distance of the values right above and below the centers is always exactly half of
the adjusted “ZP/Class”. This is shown for “ZP/Class” adjusted to 1.3 (left) and 10 (right).

Electroph Mobility @ 25°C / um/s/V/cm ZP / mV Frequency Electroph Mobility @ 25°C / um/s/V/cm ZP / mV Frequency

-9.886E+0 -1.266E+2 -8.977E+0 -1.158E+2

-9.785E+0 -1.253E+2] -127.25 mV -8.197E+0 -1.050E+2 -120.00 mV

-9.684E+0 -1.246E+2\ . -7.416E+0 -9. sees+1\ .

-9.582E+0 -1.228E+2 -126.60 mV 1%t bin class -6.635E+0 -8.500E+1 -115.00 mV 1%t bin class

-9.481E+0 -1.215E+2 ; -5.855E+0 -7.508E+1 "

-9.380E+0 -1.202E+2 -125.95 mV -5.074E+0 -6.500E+1 -110.00 mV

-9.278E+8 -1.189E+2 -4.293E+0 -5.500E+1

-9.177E+0 -1.176E+2 -3.513E+0 -4.500E+1

-9.075E+0 -1.163E+2 125.95 mv -2.732E+0 -3.508E+1

-8.974E40 1.150E+2 “12>3m -1.952E40 -2.500E+1 -110.00 mv

-8.873E+0 -1.137E+2 \ : i -1.171E+0 -1.500E+1 \ : e

_8.771E+0 _1.124E+2 -125.30 mV 2" bin class _3.903E-1 _5.000E+0 -105.00 mV 2" bin class
-124.65 mV -100.00 mV
-124.65 mV -100.00 mV

ZP/Class 1.3 _ ZP/Class 10 ]

-124.00 mV 3™ bin class -95.00 mV 3" bin class
-123.35 mV -90.00 mV

Figure 13-21: Comparison between ZP/Class adjusted to 1.3 and 10

The left side shows an extract from the text file. “ZP/Class” was set to 1.3 mV. The first
bin class -126.60 mV ranges from -127.25 mV to -125.95 mV. -125.30 mV corresponds
to the second bin class, ranging from -125.95 mV to -124.65 mV, etc. On the right side
a bin class of 10 is adjusted. Here, -115.00 mV corresponds to the first bin class. It
ranges from -120.00 mV to -110.00 mV. In the second one it ranges from -110.00 mV
to -100.00 mV, etc.
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In this example, when “ZP/Class” is set to 1.3, all particles with a zeta potential between
-127.25 mV and -125.95 mV are assigned to the first bin class, all particles with a zeta
potential between -125.95 mV and -124.65 mV are assigned to the second bin class
etc. When “ZP/Class” is adjusted to 10 mV in this example, however, these particles
are not taken into account in the analysis because the adjusted range here is too small.
It is therefore advisable to keep the bin class small in order to be able to analyze all
particles and to keep the resolution high.

The best possible histogram resolution is achieved when “ZP/Class” is adjusted to
1-1.3. A smaller class width is available but not recommended because the accuracy
of the ZetaView® at the range mentioned above is maximized.
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13.8 Adjusting the maximum zeta potential

With the "Max ZP" setting, the maximum zeta potential value on the X-axis can be
shown and limited in the diagram in positive and negative directions. “Max ZP” is also
a post-acquisition parameter. If this parameter is to be changed for a measurement
that has already been completed, the corresponding video must be re-analyzed (see
section 13.3). The following figure shows an example of how the histogram changes
after changing the "Max ZP" setting.

Post Aquisition Par; Post Aquisition Par:
4 IMaxZP 4 I L PSD Classes / % ¢ e Max 2P 7§ L PSD Classes / 7} ¢
ZP [Class r}! 1.3 o) 128.0 PSD nm / Class r‘l 10 Decade r) 64 2P [ Class .;] 13 o) 50.0 PSD nm / Class —‘l 5 Decade i p) 64
Max Area ’) 1000 Max Area ') 200
Min Brightness i‘g 30 Min Area ’jl 10 Tracelength ,’) 7 l: Multi-Threshold Min Brightness U 30 Min Area f.) 10 Tracelength f-) 7 [ Multi-Threshold
u Auto Brightness | | PSDlog Correction |i| New Traces Ii Show 11-Pos Table u Auto Brightness | | PSDlog Correction m New Traces \i Show 11-Pos Table
Display | Info | Progression | Scatter Plot |  Display | Info | Progresson | Scatter Plot
PN A
[ o ] A [ [ 0 o S [
78~ | 76
20- -17.55,74 e 55,72
65- 65-
60- o
55— 55-|
s0- =4
T 45- 45—
g 0-
g 40- g
35- £ 35-
30— 30-
25- 25-
20- 20-
15— 15-
10- o
45 A ' ] ' ; ' 45 -l ‘ g : ; R, ' , .
-150 -100 -50 0 50 100 150 -50 -40 -30 -20 -10 0 10 20 30 40 50
Zeta Potential / mV Zeta Potential / mV

Figure 13-22: “Max ZP” is adjusted to 128 (left) and 50 (right). The X-axis is scaled accordingly.

The "Max ZP" value is a factor that determines the scaling of the X-axis. Depending on
the scaling, the peak and the number of particles in the peak of the zeta potential
distribution may vary slightly.
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13.9 Adjusting the mobility per class and maximum mobility

Similar to the zeta potential, the bin classes of the (electrophoretic) mobility can be
adjusted and changed with the parameter “Mobility / Class" and Max Mobility. The
precondition for this is that the histogram must be switched to “Mb”. This function allows
the user to modify and adjust the resolution of the displayed mobility histogram
according to requirements.

Analog to the zeta potential, the smaller the bin class, the higher the resolution of the
histogram, and the more classes are considered when displaying the histogram.

P isi
JM“ 1M“ | B I & £ Max ! e PSD Classes [ #)
1000 10 30 Mobility / Class r) 0.1 Mobiity r) 10.0 PSDnm /Class ¢} 5 hecade f:) 64
Max Area ';} 1000
Min Brightness ’) 30 MinArea ',) 10 Tracelength ’J 7 || MutiThreshold
. H |_| Auto Brightness \_ PSD log Correction |i| New Traces \i‘ Show 11-Pos Table
— Video Type Display | Info | Progression | Scatter Plot
Stationary .
3 E 3
Frames 30 'mﬂﬂ m b E "ﬂ‘ m A jE
Duration 2.0 sec 78-
# Cydes 2 a |
70- 37,74
65—
__Display — 60—
B |
m_
\ E 45-
m_
At B
=14 £ 35
I_
25_
—Data — 20-
I
z rel <a> 15-
= 10-
4:I 1 1 1] 1 1 1 ] ] 1 1
-10 8 6 -4 -2 0 - 4 6 8 10
s /mL 1.49E+8 Mobility / pm/sec/Vfom

Figure 13-23: Mobility histogram of a zeta potential measurement.

All explanations and procedures that have been described about the zeta potential in
the sections above also apply to mobility without restriction, since the zeta potential is
calculated from the electrophoretic mobility. Therefore, the reader is referred to the
corresponding sections on zeta potential described previously.
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14 Cleaning and flushing the measuring cells

In order to achieve reproducible and accurate results it is necessary to clean the cell
from time to time. The cleaning intervals are dependent on how often the ZetaView®
instrument is used and what type of samples are measured. It is generally advisable
to clean the measuring cell at least once a week. When measuring biological samples
e.g. from the cell culture or if samples tend to leave possibly sticky residues (some cell
culture media), or if the samples tend to generate background due to non-ionic
detergents, more frequent cleaning is recommended.

At any time when background scattering becomes annoying, cleaning is useful. The
procedure is explained in detail below. It is strongly recommended to rinse the cell with
DI water or with the buffer used for suspending the particles in the sample after each
measurement. In addition, it is advisable to leave DI water or air after a measurement
session. Many experiments can be carried out by following this rinsing advise.

Cationic samples may coat the negatively charged cell walls leading to an increased
background scattering. If this coating cannot be removed by flushing, mechanical or
chemical cleaning may be necessary.

Never try to clean the cell channel with dry material! Always rinse wet, with water
if the cell is still in inside the Cell assembly or by any other liquid when the cell is
separate from the Cell assembly. The liquid, into which the sample is dispersed is often
good for cleaning. If the sample was coated with a polyelectrolyte, a surfactant, an
emulgator, and this coating was dome in the cell, this can be removed with the
appropriate solvent for these coating materials.

Take care not to drop any O-ring or silicon washer into any organic cleaning
liquid!
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14.1 Cleaning the Z-NTA cell

To remove the Z-NTA Cell assembly from the instrument, click on “Remove Cell
Assembly”.

File Administrator Help

‘ Cell Chackl Pump & Temp I Measurementl Analysis ]

o e
I Remove Cell Assembly ) Cell Connected
- Fluorescence Filter E
r— Cell Definition
Scatter (None) 5 l E
Laser
405 488 520 640 .
—Step 1: Cell Quality
Cell Quality Result Position
o Cell Quality Check | ieryGood 0.5 = & .
Sensitivity Shutter
—Step2: AutoAlignment (Focus & Profile Symmetry) 100- 2000~
e | AutoAlignment ‘ | Optimize Focus ‘
After Power Up & Particles visible,
after Cell Change not blurred
——Number of Partides ,J 75.0 '4] 120
Scattering No. of Detected - *
Number of Partides Intensity  Particles
vs. Sensitivity 30- 1000 =
Please rinse the cell with air (approximately 10 mL by syringe).
IDD =
Click <0K> when done or
<Cancel> if you do not want to remove the cell assembly.
o ] cone
Dilution
5/ 150000 4 ~
Concentration: Partides / mi: Postacquisition Parameters Partide Drift at 0 v T
Pt § g
Measured | 0.00E+0 Max Area rJJ 200 Check Partide Drift
atov
0.00E40 Min Bright. £}/30  Min Area g}/ 10
o Last:  <No Check>
Calculated L% H
Temperature pH Conductivity Update
26.8 degC 227 muSfm | Cond.

Figure 14-1: Follow the message and rinse the cell with 10-20 ml air from a syringe until only air
bubbles rise from the tube in the waste bottle.

Click “OK” when done. The software shows a message that it is safe to remove the
Cell assembly.

100%

L J

Itis save to remove the cell assembly now.
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For unlocking the Cell assembly, pull the knob downwards, turn it into the red position
as indicated below and let the knob release. The red position is the “unlock” position.

Figure 14-2:Unlock position.

The cell is usually mounted in a black or blue colored cell carrier. The cell carrier
features two holes that are located on the left and right side for fixing it by two screws
at the Cell assembly. The following description shows how to remove the cell carrier
from the Cell assembly for cleaning purposes.

1. Remove both screws that fix the cell carrier on the Cell assembly by using the
wrench provided in the toolkit.

Figure 14-3: Remove both screws on top of the cell carrier.
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2. After removing the screws hold the protruding parts of the cell carrier with your
thumb and fore finger and pull the cell carrier slowly and evenly upwards (green
arrows) out of the Cell assembly by applying some counter pressure with your
middle fingers (red arrows pointing down).

Figure 14-4: Pull the cell carrier carefully out evenly.

3. Prepare the cleaning solution by dripping 8-10 drops of the blue (dries a bit faster)
or green (stronger detergent) cleaning detergent in 50ml DI water. For zeta
potential measurements, the green solution is recommended. Mix the solution
thoroughly. For more intensive cleaning, a particle-free mixture of 90 % distilled
water and 10 % acetone can be used.

4. Wet a soft brush with the cleaning solution, insert the wet brush into the measuring
cell and move it back and forth 5-10 times. Repeat this procedure on the opposite
site of the cell.

Figure 14-5: Insert the wet brush into the cell and move it back and forth.
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5.

Rinse the cell with distilled water afterwards, dry it completely on the outer surface
and place it back into the Cell assembly.

Care must be taken not to touch the two optical windows of the cell for the laser
and the microscope with your bare fingers. Fingerprints on the windows of the cell
can interfere with the measurements. If fingerprints are visible on the windows,
they can be wiped off with a 50% acetone-water mixture using a Q-tip cotton swab.
You should also make sure that the acetone evaporates without streaks after
removing fingerprints.

While re-attaching the cell to the cell carrier, both must be mounted to each other
in one specific orientation. When the cell is mounted on the cell carrier, the serial
number must be visible at the open part of the cell carriers’ right bracket (from this
point of view as shown below)

Re-inserting the cell carrier (with the cell) must be done in one specific orientation
too. Please make sure that the white painting on the cell carrier faces the white dot
located on top of the Cell assembly. Please also note that the serial number of the
cell faces towards the back side of the Cell assembly (see below).
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9. Fix the cell carrier with the cell by using the screws on the Cell assembly.

Figure 14-6: Fix the screws tightly. Do not overtight them.

Place the Cell assembly back on the ZetaView® instrument and start the start-up
routine as described in chapter 5.
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14.2 Cleaning the NTA cell

The procedure of removing the NTA Cell assembly is the same as for the Z-NTA Cell
assembly (refer to section 14.1).

Remove the purple check valves at the inlet and outlet of the cell by unscrewing them
at both sides.

Figure 14-7: The left and right check valves must be unscrewed.

Wet the provided brush with the freshly prepared cleaning solution, insert it into the
right side of the measurement cell and move it back and forth 5-10 times. Please note
that the brush will not go completely through the entire measurement cell due to
constructive reasons of the cell.

Figure 14-8: For cleaning, insert the wet brush into the right opening of the cell.

Rinse the cell with distilled water afterwards, dry the cell completely on the outer
surface and place the Cell assembly back into the instrument. Start the start-up routine
as described in chapter 5.
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15 Troubleshooting

15.1 Administrator mode

The software interface of the ZetaView® instrument includes an administrator mode in
which quality, measurement and calibration parameters can be checked, adjusted and,
if necessary, corrected. The administrator mode is only accessible with a password
which can be made known to the user during installation or training by Particle Metrix
personnel or a trained distributor upon request.

Untrained personnel should only work in the administrator mode under the
supervision or at the direction of Particle Metrix personnel or trained
distributors, as changes to the parameters may result in incorrect calibration,
misalignment or malfunction of the ZetaView® device.

The administrator mode extends the ZetaView® software interface with the tabs
“‘Alignment”, “Manual Acquisition” and “Calibration”, whereby only “Alignment” and
“Calibration” are described here.
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15.1.1 Alignment tab
I Aignmentl Cell Chedcl Pump & Templ Measurementl
18 1
2
1 7 —Manual Alignment & Alignment Monitor / 3
i iti Current ons
\:ge e 66488 -159 158/ /
——Manual Alignmen
00 Synchronously
1 6 ' o » )
N 4A A8
15 L Sbam am9
1 @ x
14 e 6 = am 10
\ 0,8 7 11
s | O £ | BT
Reference Postior T |
Focussed Position 4—.1 3
Save Calibration

Table 15.1: Parameters and functions in the Alignment tab

Number Function Remarks
1 Current motor position of the microscope
2 Current motor position of the laser
3 Synchronous and asynchronous movement of | Depending on the status,
microscope und laser microscope and laser can
be moved synchronously
or independently of each
other
4 Stepwise movement of the microscope towards | The microscope is moved
position O step by step with each
mouse click
5 Continuous movement of the microscope The microscope is moved
towards position 0 continuously by holding
down the mouse button
6 Continuous movement of the microscope The microscope is moved
towards position 1 continuously by holding
down the mouse button
7 Stepwise movement of the microscope towards | The microscope is moved
position 1 step by step with each
mouse click
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Number Function Remarks
8 Stepwise movement of the laser towards The laser is moved step by
position 0 step with each mouse click
9 Continuous movement of the laser towards The laser is moved
position 0 continuously by holding
down the mouse button
10 Continuous movement of the laser towards The laser is moved
position 1 continuously by holding
down the mouse button
11 Stepwise movement of the laser towards The laser is moved step by
position 1 step with each mouse click
12 For setting the reference position within the The reference position is
measuring cell the centre position within
the measuring cell
13 Saves the relative positions of the microscope | May only be clicked after
and laser successful manual
focusing
14 Sketch of the inside of the measuring cell over
all measuring positions
15 The blue line shows the position of the
microscope within the measuring cell
16 The red arrow shows the position of the laser
within the measuring cell
17 Scaling of the measuring positions within the
cell
18 Relative Position Always refers to the
currently set position
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15.1.2 Calibration tab

[ A | cell check | Pump & Temp | M t | Analysis | Manual Acquisition | calibration |
r—Cell Calibration — r—Concentration Calibration Parameters
Reference Electrode Distance (am) 5,15 Fluorescence Filter
Cell Thickness Position 0 Position 1 e Goncentration Calbration Factor (1/m)
1 ——— Cel Microscope 70335 -101655 31320 -2058 L) 430952 7
Lager 94282 -206299 -112017 ‘Cnncentrahon Correction Factor
Stationary Layers sL1 0,1495 Cﬁxath.l L) 1
2_ ZetaVIEW SN 19-363 Size Standard/om
&) 100
3—| —— et 8
4_‘ }::usmpemiﬁcauun x10 ‘
5_"“5‘3’ Power 135 mw ‘
r—Drives Migscage Taser
6— Step Ratio 37,300 50,000
Table 15.2: Parameters and functions in the Calibration tab
Number Function Remarks
1 Essential calibration values for the measuring Under no circumstances
cell and the detection optics should these values be
changed without consulting
or guidance from Particle
Metrix
2 Serial number of the instrument
3 Pixel size
4 Optical magnification of the microscope
5 Power of the laser used
6 Step ratio of microscope and laser
7 Concentration calibration factor Under no circumstances
should these values be
changed without consulting
or guidance from Particle
Metrix
8 Parameters for the Standard Suspension Actual size of the used size
reference standards. Used
to calculate the Trueness
(Accuracy) during the Daily
Performance script.
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15.2 Manual focusing of the particles

If the particles are out of focus despite running the AutoAlignment or focus optimization
function, manual focusing of the particles is required.

Manual focusing may only be carried out under the supervision or guidance of Particle
Metrix personnel, trained distributors or a trained ZetaView® user.

Manual focusing is performed in the Alignment tab and is described in the following

figure.

.()elohed(l Pump&Temp]

l ,“Manual.-

1

—Manual Aignment & Alignment Monitor
Relative Position
0,358

o Cell Connected
Fluorescence Filter

Scatter (None) 5= !

Microscope —__|
—

Laser — | os|

Temperature pH
24,1 degC

1/) 75,0 i} 70
Scattering  No. of Detected
Intensity  Partides

8- 1000%
I wn—;I
0%
0- 1-

19,1 61
Dilution

g [l
Concentration: Particles / ml:
Measured 2,87E+7

2,87E+7

Original
Calculated

Jisition
Max Area £} 1000

Min Bright. i)zs Min Area :'| 10

—Partide Drift at 0 V

H Vy
Check Partide Drift - 0.0 mum/s
atov e
Last: [ o Chedk>

Vx
0.0 mum/s

Polarity +/-Frames | Ref. Voltage El. Field

oe | = Us 0,0

v 0,00 Vfem

Figure 15-1: Procedure for manual focusing. The movement of the microscope during manual
focusing can be recognized by the blue line representing the microscope on the left edge of

the image.

1. Click on the Alignment tab

2. Deactivate the "Synchronously" function

3. Move the microscope up or down. Press and hold the green buttons to move the microscope
continuously. Click the blue triangles to step the microscope with each mouse click. Observe
whether the focus of the particles improves or deteriorates. The focus is optimal when the
particles are displayed as small, and the number of detected particles is at maximum.

4. After the focus is found, press "Focussed Position Save Calibration". The focus is now saved.
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{(:elcheck' Pump&rempl iAnale Manual

) Cell Connected
Fiuorescence Fiter E
Scatter (None) | E
Laser
—Manual Alignment & Alignment Monitor - T
Relative Position Current Positions
0,500 66433 -159158 Podion o > B
!
M ‘Abgnmenl Sensitivity Shutter
- | | synchronously 100- 2000-
A A 1 :
Laser el | 2 :
toal 0= 32°
Microscope — [ s Scattering  No. of Detected
el wlll Intensity  Partides
88~ 1000
v g |
- =] 100 =
10 Set 0%
Reference Position o "
16,1 129
Diltion
5 o
C Partides /ml: tide Drift at O v
Measured 6,35647 Max Area ¢} 1000 |[| Check :luob‘?e Orift
6,347 MinBright. £25  Mn Area §)/ 10
Last:
Original Auto <No Chedk>
Caladated
Temperatre pH  Conductivity Voltage  Polarity +/-Frames | Ref. Voltage El. Field
24,0 degC 552 musfan - s 00 Vv 000 Vm

Figure 15-2: Manual focusing is complete.

15.3 Restore Calibration

The cell calibration is stored in the Calibration tab. If no particles can be observed even
though they have been correctly injected into the ZetaView® instrument, this may be
due to incorrect cell calibration. If the cell calibration is no longer correct, it can easily
be restored.

[‘alignment | Cell check | Pump & Temp | 1 Analysis | Manual

Ialnum]] 1

Cel G Calbration
Reference Blectrode Distance (cm) (5,15 Fhuorescence Filter
ol Th
S fostion. fomNea L Microscope Offset Concentration Caibration Factor (1 /mi)
Cel Microscope. 70335 -101655 31320 -2058 o 430952
Laser 94282 206299 112017 G
Calbrate Cell gt
Stationary Layers St 0,1495 ¥
Save Caltxation § |
2 0,8505 e LU
2 [[Rsioe catraend]
! 1
Jeirusent @ Restore Calibration
‘ ZetaVIEW SN 19-468
Cell Name: Remarks
Camera ZNTA_0445 Autosymmetry
’7 JACIomete pes o 03 Calbration History - Select an entry to restore
—Microscope Operator | Date Time | PostionoL{ | Thicknesst{ | Remarks A
oot et = 2020/01/23 10:45:30| 99567  -206299 70335 515 |0 Autosymmetry
e - Sascha 2020/01/23 10:43:58| 99413 | -206052 |  -70335 | 5150 [ focus optimzed
= Sascha 2020/01/23 10:4 99413 | 205652 | 70335 | 5150 ser focussed
‘ ascha 020/01/2310; 9931320363 20335 5150 Autosymmetry
oy e o | Sascha 2020/01/23 10:41:20| -104367 | -212293 -70335 3 5150 focus optimazed
= aecrs I P ERUED B IR ~2T289 g 5150 aser focussed
Microscope Leser Sascha 2019/03/07 14:16:10| -104367 | -209894 | 70335 | 5150 | focus optimzed
Step Ratio 37,300 50,000 Sascha 2019/03/07 14:15:34| -104367 | -209894 | -70335 5150 | Taser focussed
ZetaView 2019/02/25 12:54:29| -104367 | -208895 | 70335 5150 Autosymmetry
ZetaView 2019/02/25 12:52:29| -103431 | -207641 | 70335 5150 aser focussed
ZetaView 2019/02/25 12:38:48| -103431 | -208643 70335 5150 Autosymmetry
2019/02/25 12:37:21| -103724 | -209035 | 70335 5150 focus optimzed
2019/02/25 12:37:10| -103724 | -208335 | 70335 5150 faser focussed
|2019/02/25 1 -103724 | -208333] -70335 | Sd5fo | Autosymmetry.
I S Votage oty 4 2019/02/2 95729 | -197616 |  -70335 51500 focus optmzed Lxl
236 degC 52 musjen | Cond. || [ oFF i - ¢

Figure 15-3: Procedure how to restore the calibration.

Cancel

4 [Ceee ]
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1. Click on the Calibration tab

2. Click on "Restore Calibration"

3. Alist of calibration parameters, sorted by date, opens in a new window. Click on an older date
or time that shows different calibration parameters compared to the current date or time and of

which you know that particles were visible at that time a measurement could be carried out.

4. Click “Restore” to restore the older calibration parameters.

15.4 Setting up new calibration parameters

Usually, calibration parameters must only be reset or adapted when a new measuring
cellis installed in the cell assembly. The calibration parameters are provided by Particle
Metrix personnel or a trained distributor. The following figure shows an example of how
to proceed in order to enter new calibration parameters.

Figure 15-4

1. Click on the Calibration tab
2. Click on "Save Calibration"

by Particle Metrix personnel or the distributor.

Click OK to save the calibration parameters.

|" IMMIPump&Tﬁnplnm l y 'mnuaiAnqu’s’tiun'ﬂratlm. 1
r—Cell Calibration —C Calibration Parameters
Reference Electrode Distance (am) 5,15 l:‘ Fluorescence Filter
Cell Thickness Position 0 Position 1
Microscope Offset _Concentration Calibration Factor (1 /ml)
Cell Microscope -70335 -101655 -31320 -2058 :) 430952
== -S4 206299 -u217 Concentration Correction Factor
Calbrate Cel 1
Stationary Layers 0,1495
2 Save Calibration
0,8505
Restore Calibration
it nd: !
@ Save Calibration
ZetaVIEW SN 19-468 Size 5§
100
') 1f you change the Cell Name a new calibration file will be
e sizes  created, otherwise the current one will be used.
Micrometer per Pixel
’_ sl 0% ‘ PS10  You may enter some additional remarks.
Microscope
’7 Microscope Magnification x10 ‘ Cell Name
INTA_0445
Laser
’7 Power 135 mw ‘ [—‘ Fluorescence Filter
Drives A
Microscope: Laser Reference Blectrode Distance —) 5,15 n
Step Ratio 37,300 50,000 Measure Step Ratio Cel Thickness Position 0 Position 1
Set Step Ratio Microscope ¢} 70335 o) 98537 -29262
Laser ) 94282 o) 206299 112017
Remarks
Temperature pH  Conductivity | update ]| 'O'29% Poanity +/-Frames | Ref. voltage El. Field
23,6 degC 552 musfcm | Cond: s 00 Vv 000 Vam
7Y e ==

: Procedure for setting up calibration parameters.

You can enter new calibration parameters in a new window. The parameters must be provided
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15.5Issues during or after AutoAlignment

15.5.1 Too few or too many particles

100%

Too few particles.
The image is not suitable for starting an AutoAlignment

Please make sure that the alignment dispersion is filled.
Use the spedified dilution.
Please make sure that the sample is free of bubbles.

The ZetaVIEW Video Microscope is not ready for experiments.

Too much particles:
The image is not suitable for starting an AutoAlignment

Please make sure that the alignment dispersion is filled.
Use the spedified dilution.
Please make sure that the sample is free of bubbles.

The ZetaVIEW Video Microscope is not ready for experiments.

Cause

Remedy

Incorrect dilution of the PS100 nm
alignment suspension.

Verify the dilution of the alignment
suspension and prepare a new dilution if
necessary.

Particles are not in focus. As a result, fewer
particles are detected than are actually
present in the measuring cell.

Perform a focus optimization.
Try to adjust the focus manually.

Too much background in the field of view.
As a result, more particles are displayed
than are actually present in the measuring
cell.

Clean the cell.

Air bubbles in the measuring cell.

Inject some PS100 nm alignment
suspension with a little more pressure to
move the air bubble out of the
measuring cell.

Inject 5-10ml of water and fill the
measuring cell again with PS100 nm
alignment suspension.

Empty the measuring cell by injecting
air, then inject 5-10 ml of water, followed
by PS100 nm alignment suspension.
Make sure to avoid air bubbles during
injection.
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15.5.2 Inverted or zigzag parabola

This message can only be displayed if the ZetaView® instrument is equipped with a
Z-NTA cell assembly and if there are issues with the symmetry correction after the
AutoAlignment or after an 11-position zeta potential measurement with PS100 nm
beads has been performed.
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Cause Remedy

Air bubbles in the fluidic system.

¢ Inject some PS100 nm alignment

¢ Inject 5-10ml of water and fill the

e Empty the measuring cell by injecting air,

e Make sure to avoid air bubbles during

suspension with a little more pressure to
move the air bubble out of the
measuring cell.

measuring cell again with PS100 nm
alignment suspension.

then inject 5-10 ml of water, followed by
PS100 nm alignment suspension.

injection.

Dirty measuring cell.

e Clean the measuring cell.

Cationic impurities on the walls of the
measuring cell.

Clean the measuring cell.
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15.5.3 Autosymmetry failed

The following message is displayed if the ZetaView® instrument cannot perform an
autosymmetry / symmetry correction after the autoalignment has ended.
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50.0- f \ Average P
40.0- - X
= : .
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§ 0.0- !‘/ The ZetaVIEW Video Microscope is not ready for experiments. I
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Cause Remedy
Air bubbles in the fluidic system. e Inject a little more PS100 nm alignment
suspension with more pressure to move
the air bubble out of the system.

¢ Inject 5-10ml water and fill the measuring
cell again with alignment suspension.

e Empty the measuring cell by injecting air,
then inject 5-10ml of water, followed by
alignment suspension.

¢ Make sure that the injection is free of air
bubbles.

Measuring cell is not clean. e Clean the measuring cell

Cationic impurities on the walls of the e Clean the measuring cell.

measuring cell.

The beads in the alignment suspension are | e Prepare new alignment suspension with
too old. fresh beads.
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15.5.4 Focussing of the laser failed

The following message is displayed if the ZetaView® instrument cannot focus the laser

during autoalignment.

100%

L J X

The focussing of the laser failed (cannot calculate minimum).

The ZetaVIEW Video Microscope is not ready for experiments.

-«

Cause

Remedy

Air bubbles in the fluidic system.

Inject a little more PS100 nm alignment
suspension with more pressure to move
the air bubble out of the system.

Inject 5-10ml water and fill the measuring
cell again with alignment suspension.
Empty the measuring cell by injecting air,
then inject 5-10ml of water, followed by
alignment suspension.

Make sure that the injection is free of air
bubbles.

Measuring cell is not clean.

Clean the measuring cell.

There are too many particles in the cell.

Verify the dilution of the alignment
suspension 1:250,000.

Particle drift is too high.

Reduce the patrticle drift (see section
15.8).

Laser and microscope are misaligned.

Contact the Particle Metrix Support

The fluorescent filter was accidentally
moved into the optical path.

Switch the instrument into the scatter
mode.
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15.6 Issues with the focus optimization

The following message is displayed if the ZetaView® instrument could not optimize
the focus after starting "opimize focus" manually.

100%

Cause Remedy

Air bubbles in the fluidic system. e Inject a little more sample with more
pressure to move the air bubble out of
the system.

e Inject 5-10ml buffer and fill the
measuring cell again with sample.

e Empty the measuring cell by injecting air,
then inject 5-10ml of buffer, followed by
sample.

Make sure that the injection is free of air
bubbles.

Alignment suspension is too old. o Prepare some fresh alignment

suspension.

Focussing on small and very large particles | e Perform manual focusing. Observe the

in one sample is too difficult. number of detected particles. The focus

is best when the number of detected
particles is maximum.
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15.7 Daily Performance is "Not Acceptable”

When this message appears, in most cases the particle size is usually too large.
Trueness (and precision) are not acceptable.

@ Daily Performance Result

Measured partide size (number based, peak diameter): 71.2 nm

Resulting Quality: Trueness 28.8 %

X

[ o ]

@ Daily Performance Result

Measured partide size (number based, peak diameter): 223.2 nm

Restlting Quality: Trueness 123.2 %

et
pressan 15 |GGG

[ o ]

Cause (trueness too large)

Remedy

Quality of the water in which the particles are
dissolved is not good.

Make sure that you use particle free water.
You may filter the water by using an 0.1um
syringe filter before preparing a new
alignment suspension.

The dilution of the alignment suspension is too
old.

The 1:250,000 dilution of the alighment
suspension should always be prepared
freshly. The shelf life of the 1:250,000
dilution is about 30-60 minutes after
preparation.

The original (concentrated) PS100 nm beads
have expired.

Order new PS100 nm standard beads.

Some containers release nano particles which
disturb the daily performance measurement
since they are larger than the PS100 nm beads.

Prepare the alignments suspension in
different vials.

Contaminations in the original (concentrated)
PS100 nm beads.

Order new PS100 nm standard beads.

Background in the field of view of the
measuring cell. The background could be
considered as particles and makes the daily
performance incorrect.

Clean the measuring cell.

Cause (trueness too small)

Remedy

Vibrations in the vicinity of the ZetaView®
instrument.

Make sure there aren’t any devices that
cause vibrations nearby (vortexer,
centrifuge, devices with a fan, etc.).
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15.8 Excessive particle drift

Drift is considered to be the vertical, horizontal or turbulent movement of the particles
in the field of view, which is triggered due to other influencing factors than Brownian

motion.

15.8.1 Drift in vertical direction

Vertical drift is the result of thermal influences.

Cause

Remedy

Overheating of the measuring cell by the
laser. Since the laser is synchronized with
the shutter of the camera, the laser gives
pulses when the shutter is open. Low shutter
values result in longer exposure times and
longer laser pulses. If the shutter value is
<50, the laser pulses are long enough to heat
up the cell and thus the sample inside. The
particles migrate upwards.

Slight downward drift can occur near wall
position 1 and is the result of better heat
dissipation near the heat sink. The liquid is
cooler on this side and convection occurs
along the long cell axis.

Increase the shutter value >50 or 60.
The patrticle size and composition must
be taken into account when setting the
shutter in order to avoid thermal drift.
Some multilaser instruments have more
powerful lasers. If necessary, change to
a different laser wavelength.

Switch on the temperature control and
cool the cell.

File  Administrator  Help

| Cell Check I Pump & Temp' Measurement I Analysis l

Pump  Temperature |

Main |

Temperature Control
_Set Temperature
':.—/;I 22.0 ' OFF
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Cause

Remedy

Ambient temperature is too high.

Switch on the temperature control.

It is also possible to set the cell
temperature (not the ambient
temperature) just above the measured cell
temperature. The system is more
agreeable when going slightly higher as
opposed to lower than the cell
temperature. It stabilizes more quickly,
and the system doesn't have to work as
hard.

High absorption capacity of laser light by
components in the sample (e.g. chemical
indicator, etc.).

Dilute the sample if possible.

Reduce the concentration of suspected
absorbing components in the sample, if
possible.

The laser timing is set to continuous.

Make sure that the laser timing is set to
“Camera Frequency, Laser Pulse Duration
= Shutter Duration”.

100%)
o E @ Camera Control [DMK 33GX174] X re
+Fiter E
save Load Defauit
one) | E
s e | ([ —
1\ Camera Frequency, Laser Pulse Duration = Shutter Duration I
y  Shutter Delay (us)
2000- go

32°

Zj 120
2 No. of Detected

Particles
1000 »:I
100
103
1=
143 I I
Camera Attributes Laser Timis
ition — <
#0000 = -
Jtion: Partides | ml: Postacquisition Parameters [—Partide Drift at0 v T
’7 Max Area £ 200 ‘ Check Partide orift | L
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15.8.2 Drift in horizontal direction

Horizontal drift is the result of mechanical influences.

Cause

Remedy

A defective check valve on the silicone
tube of the waste bottle or on the cell
assembly. A defective check valve no
longer closes tightly.

Replace the check valve.

A damaged or broken measuring cell in
the cell assembly.

The measuring cell must be replaced.

Leaking tubes inside or outside the
ZetaView® instrument.

Check and, if necessary, replace the
tubes on the water, buffer or waste bottle.
Have the tubes inside your ZetaView®
device checked and, if necessary,
replaced.

Air bubbles in the fluidic system.

Inject a little more sample with more
pressure to move the air bubble out of the
system.

Inject 5-10ml buffer and fill the measuring
cell again with sample.

Empty the measuring cell by injecting air,
then inject 5-10ml of buffer, followed by
sample.

Make sure that the injection is free of air
bubbles.
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15.8.3 Turbulent drift
Turbulent drift is mainly caused by mixing two different liquids.
Cause Remedy
Mixing liquids with different viscosities or e Prime the fluidic system of your
ionic strengths inside the measuring cell. ZetaView® instrument with the liquid /

buffer that you use to dilute your sample.
e Make sure that the liquid you use to
dissolve the particles in your sample is
identical or very similar to the liquid you
use or have used to rinse the cell.
e Wait until the turbulent drift has settled.
Mixing liquids at different temperatures. e Use liquids of the same temperature.
e Switch on the temperature control.

File  Administrator Help

| Cell Check I Pump & Tﬂl‘lpl Measurement I Analysi l

Pump  Temperature |

Main |
Temperature Control
\SetTemperab.lre
-’5;] 22.0 ' OFF

e Wait until the turbulent drift has settled.
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15.9 Disturbing stray light patterns or background

Background or different stray light patterns can appear in the field of view of the
particles, which may or may not have a disruptive effect. The interference patterns can
occur in an empty measuring cell as well as in a measuring cell filled with sample.

15.9.1 Stray light patterns in an empty measuring cell

Stray light patterns can occur if the measuring cell is filled with air at the end of the
measuring day and the device is shut down. These patterns may look differently and
are usually not a sign of damage. The patterns are created by the fact that after the
liquid has been removed by injection with air, liquid droplets remaining within the
measuring cell scatter the laser light. The patterns can vary, depending on the
measuring position in which the detection optics of the device are located.

Figure 15-5: Examples of scattered light patterns in an empty measuring cell. Left: in the digital view,
middle and right: in the analog view.
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15.9.2 Stray light patterns or background in a measuring cell filled with sample

Figure 15-6: Examples of stray light patterns in a measuring cell filled with sample. Left: in the

digital view. Middle and right: in the analog view with background of different intensity.

Cause

Remedy

Introduced air bubbles.

Inject a bit more sample with the syringe
with a quick, forceful push to force the air
bubble away.

Dirty measuring cell

Clean the measuring cell.

Too much unbound fluorescent dye or too
high concentration of unbound antibodies.

Reduce the concentration of fluorescent
dye if possible.

Reduce the concentration of the
antibodies.

If possible, use clean-up columns to
remove excess dye or antibodies from
your sample.

Too high concentration of detergents (e.g.
Tween, Triton, NP40, etc.).

Reduce the concentration of detergents or
omit them if possible.

Too high concentration of indicator (e.g.
phenol red from cell culture).

¢ |f possible, dilute the sample.

Use indicator-free cell culture media.

Too high concentration of serum (FCS,
FBS from cell culture).

Dilute the sample or, if possible, reduce
the concentration of the serum.

Remaining residues of cleaning solution.

Rinse the measuring cell again with
particle-free water.
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15.10 No particles in the field of view

The field of view appears dark.

Cause

Remedy

The fluorescence filter is pushed up,
although you want to measure non-
fluorescent particles in the scatter mode
(only for ZetaView® devices with manual
fluorescence filter).

Slide the fluorescence filter down.

The automatic fluorescence filter was
activated although you want to measure
non-fluorescent particles in the scatter
mode (only for ZetaView® devices with
automatic fluorescence filter)

Switch your ZetaView® device to the
scatter mode.

Fluorescence Filter

Laser and camera are misaligned. As a
result, the particles are not visible or may
appear blurred.

Perform manual focusing.

Calibration may need to be restored.

It may be necessary to reset to the
factory calibration. Contact the Particle
Metrix Support.

The measuring cell is incorrectly inserted in
the cell assembly.

Insert the measuring cell correctly into
the cell assembly.

i {

As shown above, the serial number of
the cell must be visible upright on the
right-hand side.
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Cause

Remedy

The laser does not work.

Check the function of the laser by placing
a white piece of paper in the gap between
the cell assembly and the front plate. The
reflection of the laser light should be

visible.

ARTICLE
METRIX

If the laser does not work, contact the
Particle Metrix Support.

The camera does not work.

Check the function of the camera by
pointing a flash light into the microscope
objective with the ZetaView® software
open and the cell assembly removed. The
instrument should be switched to the
scatter mode. The light from the flash light
should be visible in the live image.

280



Troubleshooting

{PARTICLE
METRIX

Cause

Remedy

Incorrect Laser-Timing.

Make sure that the laser timing is set to
“Camera Frequency, Laser Pulse
Duration = Shutter Duration”.

100%
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15.11Particles not in focus

100%

Cause

Remedy

Incorrect focusing. If small particles are in
focus, large particles may appear out of
focus in a subsequent sample.

e Perform a focus optimization with the
particles in the sample.

e Under certain circumstances a new
AutoAlignment with PS 100 nm

alignment suspension is necessatry.
Step2: AutoAlignment (Focus & Profile Symmetry)

9 | Autoalignment |

After Power Up &
after Cell Change

| Optimize Focus '

Particles visible,
not blurred

Significant temperature differences between
successive samples or other thermal
reasons such as constant temperature rise
within the measurement day at a warm
location of the device.

e Perform a focus optimization with the
particles in the sample.

e Under certain circumstances a new
AutoAlignment with PS 100 nm

alignment suspension is hecessary.
Step2: AutoAlignment (Focus & Profile Symmetry)

9 | AutoAlignment |

After Power Up &
after Cell Change

| Optimize: Focus '

Particles visible,
not blurred

e Switch on the temperature control and
cool the cell down.

Misalignment of laser and camera.

e Perform manual focusing.
e The calibration may need to be restored.

Incorrect step ratio between microscope
and laser.

e Contact the Particle Metrix Support to
check and readjust the step ratio.
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15.12Voltage issues (applies only for the Z-NTA cell assembly)

The message below is displayed if the ZetaView® instrument cannot establish an
electrical field during the “AutoAlignment” function or during a zeta potential

measurement.

100%

L J
Please verify

- bubble-free filing
buffer conductivity < 15 mSfcm

dean cel.

¥

- >

r—Partide Driftato y —M8M

Check Particle Drift :

atov

MinBright. £ 30 Min Area £l 10
. Last: | <o Chedk>
| 2o :

—Postacquisition Parameters
Max Area fJ 200
/i

Flease verify bubble-free filling and the conductivity of the
buffer (< 15 mS/cm).

Cause

Remedy

Air bubbles inside the measuring cell that
prevent the electrical current flow from one

cell flange to the other.
Air bubble??

ange

Rinse the ZetaView® instrument with air
and then again with water and PS

100 nm alignment suspension. Start the
autoalignment again.

Clean the measuring cell.

A layer of water on the outside of the
measuring cell that connects both cell
flanges. This causes an electrical short
circuit.

Dry the outer surface of the cell and the
flanges well.

Driver electrodes are corroded. Corrosion is
a normal occurrence and is caused by
frequent zeta potential measurements in
high salinity buffers.

The electrodes must be refurbished or
replaced by Particle Metrix.

@-»
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Cause Remedy
Insufficient electrical connection between e Tighten both screws that secure the cell
cell and cell assembly. carrier to the cell assembly a little more
firmly.
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15.13Connection issues with the cell assembly

The message below is displayed if your ZetaView® device does not recognize the cell
assembly although it is installed on the ZetaView® device.

The cell assembly is not mounted.

Please mount the cell assembly at the

correct position.

Cause Remedy
The cell assembly is not locked into ¢ Make sure that the black locking button
position. is fully engaged in the cell assembly.

The electrical contacts on the cell assembly |e Carefully clean the contacts with 70%
are not clean. ethanol or isopropanol or with 50%
acetone.
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Cause

Remedy

The electrical contacts on the ZetaView®
device are not clean.

e Carefully clean the contacts with 70%
ethanol or isopropanol or with 50%
acetone.

(©)
O
(9]
()
()]
(

‘WA
6 3
©

Stuck gold pin on the back of the cell
assembly.

e Contact the Particle Metrix Support.

Corroded gold pin on the back of the cell
assembly.

e Contact the Particle Metrix Support.
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Cause Remedy

Crystallized deposits of salty buffers. e Carefully remove the deposits with a soft
paper tissue (Kleenex or similar) and/or
or cotton swap until no more deposits
can be seen.
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15.14 Connection issues with the measuring cell

The message below is displayed if your ZetaView® device does not recognize the

measuring cell.

100%

The cuvette is not mounted.

Please check that a cuvette is present and

correctly mounted at the cell assembly.

« | »

Cause

Remedy

The measuring cell is not installed.

Install the measuring cell (ref. chapter 4.3
and 4.4).

The photo sensor is mechanically blocked
or dirty.

Verify that the photo sensor has a clear
view on the cell. If necessary, carefully
clean the photo sensor with a damp cotton

. . TP
| g ) P s s .1 a5

Location of the photo sensor in the Z-NTA
cell assembly.

Location of the photo sensor in the NTA
cell assembly.
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16 Standard Technical Data
16.1 PMX-120 ZetaView® Monolaser Instrument

General Features

Measurement Principle

e Precision-engineered motorized scanning Nanoparticle Tracking Analysis (NTA) instrument for tracking
the movement of individual visualized nanopatrticles in suspension

¢ Real-time visualization of Brownian Motion and electrophoretic mobility, for measuring size,
concentration and zeta potential in scattering and fluorescence modes

e One software-controlled laser for enhanced fluorescence measurements

e Manual controlled emission filter for quick changes between scatter and fluorescence measurements

e Fast scanning to acquire and analyze typically 1000 particles in ~ 1 minute

e Software-controlled pumps for flushing and sample sub-dosing

Samples
e Nanoparticles suspended in polar liquids (e.g. water, alcohols) for size, concentration, fluorescence and
zeta potential* studies

Hardware

Equipment
e ZetaView® PMX-120 main unit is equipped with cell assembly, laser (see section Lasers) and bottles for
buffer rinse
e  Power of statistics by automated unique scan and dose control for measurement of 1 - 100 independent
sub-volumes
e Optional: Zeta potential option (Z-NTA)*
e Fluorescence option features short acquisition time to avoid negative effect of photo bleaching

Optical Layout
e 90° laser scattering video microscope with x10 magnification
¢ Automated alignment and focusing of laser and microscope

Lasers
e Available laser wavelengths: 405 nm, 488 nm, 520 nm, 640 nm, and 660 nm at typical laser power of
>30 mW
e Pulse duration 0.1 ms up to continuous

Camera
e High sensitive CMOS camera 1920 x 1080 pixels
e Variable frame rate from 1 to 60 Hz for optimum resolution and fast acquisition

Fluorescence Filters

e Long wave-pass (LWP) cut-off filters:
@405 nm: 430 nm
@488 nm: 500 nm
@520 nm: 550 nm
@640 nm: 680 nm
@660 nm: 680 nm

e Bandpass filter available on request
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Cell Assemblies
e NTA - slide-in assembly for size and concentration measurements in aqueous and organic solvents
e X-NTA —as NTA, for isolating samples from contact with others
e Z-NTA - slide-in assembly for size, concentration and fluorescence measurements plus zeta-potential
experiments in agueous and organic solvents with pumps for 2 different liquids/buffers — for rinsing and
sub-dosing experiments, electrical field sensing

Cleaning
e Cell cleaning recommended weekly — cell resistant to >1000 brush cleanings
e Cleaning of driver electrodes required after 1000 zeta potential runs*
¢ Cleaning kit and basic replacement parts included in delivery

Temperature Range/Control
e  Working external temperature range: 5°C to 45°C
e  Sample temperature control: Peltier temperature control from RTP-5°C to 55°C with dew-point sensing

Software

Communication
e Software provided on pre-configured PC, communication via Ethernet

Quality Control
e Cell quality check, daily performance check, outlier control with automatic Grubbs statistical analysis of
measurement data

Live Monitoring
e Number of detected particles in scatter and fluorescence mode, scattering intensity, conductivity*,
temperature, particle drift

Standard Operating Procedures (SOP)
e Fully customizable SOPs for different samples/applications

Analysis and Reports
o Data Analysis: particle size distribution profiles, concentration, overlays and averaging, scatter plots,
zeta-potential distribution profiles, sub-population analysis (using additional ‘Particle Explorer’ software)
. Data export format: AVI, TXT, CSV, FCS
e PDF reports containing key results

Measurement Specifications

Size/Concentration

e Concentration range: 10° — 10° particles/ml

e  Reproducibility: +5% (for 100 nm polystyrene latex)

e Particle size: 10 nm — 1000 nm (dependent on sample and laser selection)
e Accuracy: +5 nm (for 100 nm polystyrene latex)

e  Reproducibility: +2 nm (for 100 nm polystyrene latex)

Fluorescence

e Concentration range: 10° — 10° particles/ml

e  Reproducibility: +5% (for 100 nm polystyrene latex)

e Particle size: 20 nm — 1000 nm (dependent on fluorescent dye and laser selection)
e Accuracy: +5 nm (for 100 nm polystyrene latex)

e  Reproducibility: +2 nm (for 100 nm polystyrene latex)
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Zeta-Potential*
e  Working range: -500 to +500 mV
e Concentration range: 108 — 10° particles/ml
e Particle size: 20 nm — 5000 nm (dependent on sample and laser selection)
e  Conductivity range: 3 uS/cm — 15 mS/cm
e Accuracy: +4 mV (for alumina zeta-potential standard)
e  Reproducibility: +2 mV (for alumina zeta-potential standard)
General
e Minimum sample quantity: 500 pl of sample at 10° particles/ml
e pHrange: 1-13
e Temperature: 5°C to 45°C (external temperature)

e Sample volume visualized and tracked by the camera for a single measurement: 11 x 3.3 nL

Reference Materials
e Nominal 100 nm reference suspension for size
e Nominal 100 nm reference suspension for fluorescence
¢ Nominal -50mV reference suspension for zeta potential*

Dimensions

Physical
e Footprint (W x D x H): 20 x 30 x 25cm
e  Weight: 8.5kg (main unit, PC extra)
e  Shipping box with standard content: 48 x 62 x 63cm; 22kg

Electrical
. 90-240V, 47-63Hz, 50VA

Warranty & Support

Warranty
e 1 year (glass excluded)

Service & Support
e Reaction time: 48 hours
e Maintenance, service and IQ/OQ contracts available on demand
e Support via telephone, email and via remote session for trained users free of charge during warranty
period
e Training courses for new users available on demand
e Special arrangements and specifications available on demand — quotation required
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16.2PMX-220 ZetaView® TWIN Laser Instrument

General Features

Measurement Principle

e Precision-engineered motorized scanning Nanoparticle Tracking Analysis (NTA) instrument for tracking
the movement of individual visualized nanoparticles in suspension

e Real-time visualization of Brownian Motion and electrophoretic mobility, for measuring size,
concentration and zeta potential in scattering and fluorescence modes.

e Two simultaneous aligned and software-controlled lasers for enhanced fluorescence measurements

e Software controlled emission filter changer for quick changes between the fluorescence measurements

e Fast scanning to acquire and analyze typically 1000 particles in ~ 1 minute

e Software-controlled pumps for flushing and sample sub-dosing

Samples
e Nanoparticles suspended in polar liquids (e.g. water, alcohols) for size, concentration, fluorescence and
zeta potential studies

Hardware

Equipment

e ZetaView® PMX-220 TWIN Laser main unit is equipped with cell assembly, two simultaneous aligned
lasers (see section Lasers) and bottles for buffer rinse

e Power of statistics by automated unique scan and dose control for measurement of 1 - 100 independent
sub-volumes

e Zeta potential option

e Software controlled double Fluorescence option features short acquisition times to avoid negative effect
of photo bleaching

Optical Layout
e 90° laser scattering video microscope with x10 magnification
¢ Automated alignment and focusing of laser and microscope

Laser sets
e Special TWIN Laser design
e Available laser wavelengths combinations:

405 nm /488 nm
405 nm /520 nm
405 nm / 640 nm
488 nm /520 nm
488 nm / 640 nm
520 nm /640 nm

On request, the 640 nm laser can be exchanged by a 660 nm excitation laser free of charge

at typical laser power of >30 mW per laser
e Pulse duration each laser 0.1 ms up to continuous

Camera
e High sensitive CMOS camera 640 x 480 pixels
e Variable frame rate from 1 to 60 Hz for optimum resolution and fast acquisition
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Fluorescence Filter sets
e Software controlled, automated filter changer
e Available long wave-pass (LWP) filter combinations:

430 nm / 500 nm for 405 / 488 laser combination
430 nm / 550 nm for 405 / 520 laser combination
430 nm / 680 nm for 405 / 6X0 laser combination
500 nm / 550 nm for 488 / 520 laser combination
500 nm / 680 nm for 488 / 6X0 laser combination
550 nm /680 nm for 520 / 6X0 combination

e Bandpass filter available on request

Cell Assembly

e Z-NTA - slide-in assembly for size, concentration and dual fluorescence measurements plus zeta-
potential experiments in aqueous and organic solvents with pumps for 2 different liquids/buffers — for
rinsing and sub-dosing experiments, electrical field sensing

Cleaning
e  Cell cleaning recommended weekly — cell resistant to >1000 brush cleanings
e Cleaning of driver electrodes required after more than 1000 zeta potential runs
e Cleaning kit and basic replacement parts included in delivery

Temperature Range/Control
e Working external temperature range: 5°C to 45°C
e  Sample temperature control: Peltier temperature control from RTP-5°C to 55°C with dew-point sensing

Software

Communication
e Software provided on pre-configured PC, communication via Ethernet

Quality Control

e Cell quality check, daily performance check, outlier control with automatic Grubbs statistical analysis of
measurement data

Live Monitoring

e Number of detected particles in scatter and fluorescence mode, scattering intensity, conductivity*,
temperature, particle drift

Standard Operating Procedures (SOP)
e  Fully customizable SOPs for different samples/applications

Analysis and Reports
¢ Data Analysis in scatter and / or fluorescence mode: particle size distribution profiles, concentration,
overlays and averaging, scatter plots, zeta-potential distribution profiles, sub-population analysis
. Data export format: AVI, TXT, CSV, FCS
e PDF reports containing key results
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Measurement Specifications

Size/Concentration

Concentration range:

Reproducibility:
Particle size:
Accuracy:
Reproducibility:

Fluorescence

Concentration range:

Reproducibility:
Particle size:
Accuracy:
Reproducibility:

Zeta-Potential*

General

Working range:

Concentration range:

Particle size:
Conductivity range:
Accuracy:
Reproducibility:

105 — 10° particles/ml

+5% (for 100 nm polystyrene latex)

10 nm — 1000 nm (dependent on sample and laser selection)
+5 nm (for 100 nm polystyrene latex)

+2 nm (for 100 nm polystyrene latex)

105 — 10° particles/ml

+5% (for 100 nm polystyrene latex)

20 nm — 1000 nm (dependent on fluorescent dye and laser selection)
+5 nm (for 100 nm polystyrene latex)

+2 nm (for 100 nm polystyrene latex)

-500 to +500 mV

10% — 1010 particles/ml

20 nm — 5000 nm (dependent on sample and laser selection)
3 uS/cm — 15 mS/cm

+4 mV (for alumina zeta-potential standard)

+2 mV (for alumina zeta-potential standard)

Minimum sample quantity: 500ul of sample at 10° particles/ml

pH range:
Temperature:

1-13
5°C to 45°C (external temperature)

Sample volume visualized and tracked by the camera for a single measurement: 11 x 3.3 nL

Reference Materials
Nominal 100 nm reference suspension for size

Two nominal 100 nm reference suspensions for fluorescence
Nominal +50 mV reference suspension for zeta potential*

Dimensions

Physical

Footprint (W x D x H): 20 x 30 x 25cm
Weight: 8.5kg (main unit, PC extra)
Shipping box with standard content: 48 x 62 x 63cm; 22kg

Electrical

90-240V, 47-63Hz, 5S0VA
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Warranty & Support

Warranty

1 year (glass excluded)

Service & Support

Reaction time: 48 hours

Maintenance, service and 1Q/OQ contracts available on demand

Support via telephone, email and via remote session for trained users free of charge during warranty
period

Training courses for new users available on demand

Special arrangements and specifications available on demand — quotation required
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16.3 PMX-420 ZetaView® QUATT Laser Instrument

General Features

Measurement Principle

e Precision-engineered motorized scanning Nanopatrticle Tracking Analysis (NTA) instrument for tracking
the movement of individual visualized nanoparticles in suspension

e Real-time visualization of Brownian Motion and electrophoretic mobility, for measuring size,
concentration and zeta potential in scattering and fluorescence modes.

e Four simultaneous aligned and software-controlled lasers for enhanced fluorescence measurements

e Software controlled emission filter changer for quick changes between the fluorescence measurements

e Fast scanning to acquire and analyze typically 1000 particles in ~ 1 minute

e Software-controlled pumps for flushing and sample sub-dosing

Samples

e Nanoparticles suspended in polar liquids (e.g. water, alcohols) for size, concentration, fluorescence and
zeta potential studies

Hardware

Equipment
o ZetaView® PMX-420 QUATT Laser main unit is equipped with cell assembly, four simultaneous aligned
lasers (see section Lasers) and bottles for buffer rinse

e Power of statistics by automated unique scan and dose control for measurement of 1 - 100 independent
sub-volumes

e  Zeta potential option

e Software controlled four-fold Fluorescence option features short acquisition times to avoid negative
effect of photo bleaching

Optical Layout
e 90° laser scattering video microscope with x10 magnification
¢ Automated alignment and focusing of laser and microscope

Laser sets

e Special QUATT Laser design with 405 nm / 488 nm / 520 nm / 640 nm excitation lasers
at typical laser power of >30 mW per laser
e Pulse duration each laser 0.1 ms up to continuous

Camera
e High sensitive CMOS camera 1920 x 1080 pixels
e Variable frame rate from 1 to 60 Hz for optimum resolution and fast acquisition

Fluorescence Filter sets

e Software controlled, automated filter changer with four long-pass fluorescence emission filters (LWP)
with cut-off at 430 nm / 500 nm / 550 nm / 680 nm
e Bandpass filter available on request

Cell Assembly
e Z-NTA - slide-in assembly for size, concentration and dual fluorescence measurements plus zeta-
potential experiments in agueous and organic solvents with pumps for 2 different liquids/buffers — for
rinsing and sub-dosing experiments, electrical field sensing

Cleaning
e  Cell cleaning recommended weekly — cell resistant to >1000 brush cleanings
e Cleaning of driver electrodes required after more than 1000 zeta potential runs
e Cleaning kit and basic replacement parts included in delivery
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Temperature Range/Control:

Working external temperature range: 5°C to 45°C
Sample temperature control: Peltier temperature control from RTP-5°C to 55°C with dew-point sensing

Software

Communication
Software provided on pre-configured PC, communication via Ethernet

Quality Control
Cell quality check, daily performance check, outlier control with automatic Grubbs statistical analysis of

measurement data

Live Monitoring
Number of detected particles in scatter and fluorescence mode, scattering intensity, conductivity*,

temperature, particle drift

Standard Operating Procedures (SOP)
Fully customizable SOPs for different samples/applications

Analysis and Reports
Data Analysis in scatter and / or fluorescence mode: particle size distribution profiles, concentration,
overlays and averaging, scatter plots, zeta-potential distribution profiles, sub-population analysis
Data export format: AVI, TXT, CSV, FCS

PDF reports containing key results

Measurement Specifications

Size/Concentration

Concentration range:

Reproducibility:
Particle size:
Accuracy:
Reproducibility:

Fluorescence

Concentration range:

Reproducibility:
Particle size:
Accuracy:
Reproducibility:

Zeta-Potential*

General

Working range:

Concentration range:

Particle size:
Conductivity range:
Accuracy:
Reproducibility:

10° — 10° particles/ml

+5% (for 100 nm polystyrene latex)

10 nm — 1000 nm (dependent on sample and laser selection)
+5 nm (for 100 nm polystyrene latex)

+2 nm (for 100 nm polystyrene latex)

10° — 10° particles/ml

+5% (for 100 nm polystyrene latex)

20 nm — 1000 nm (dependent on fluorescent dye and laser selection)
+5 nm (for 100 nm polystyrene latex)

+2 nm (for 100 nm polystyrene latex)

-500 to +500 mV

10% — 1010 particles/ml

20 nm — 5000 nm (dependent on sample and laser selection)
3 uS/cm — 15 mS/cm

+4 mV (for alumina zeta-potential standard)

+2 mV (for alumina zeta-potential standard)

Minimum sample quantity: 500 ul of sample at 10° particles/ml

pH range:
Temperature:

1-13
5°C to 45°C (external temperature)

Sample volume visualised and tracked by the camera for a single measurement: 11 x 3.3 nL
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Reference Materials
e Nominal 100 nm reference suspension for size
e  Four nominal 100 nm reference suspensions for fluorescence
¢ Nominal +50 mV reference suspension for zeta potential*

Dimensions

Physical
e Footprint (W x D x H): 20 x 30 x 25cm
e  Weight: 8.5kg (main unit, PC extra)
e  Shipping box with standard content: 48 x 62 x 63cm; 22kg

Electrical
. 90-240V, 47-63Hz, 50VA

Warranty & Support

Warranty
e 1 year (glass excluded)

Service & Support
e Reaction time: 48 hours

e Maintenance, service and IQ/OQ contracts available on demand

e Support via telephone, email and via remote session for trained users free of charge during warranty

period
e Training courses for new users available on demand

e Special arrangements and specifications available on demand — quotation required

Particle Metrix, December 2022

*With 'Z-NTA’ cell assembly only
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17 Chemical resistance

When measuring nanoparticles of various materials, the solvent needs to be fit for
purpose, i.e. it should be ideal to disperse the nanoparticles to prevent agglomeration.

The following table lists the materials of the ZetaView® instrument that come into direct
contact with the liquid.

When choosing your buffer, make sure that the chemical resistance is given from all
materials to prevent damage of the instrument. When working with acidic or alkaline
buffer solutions or aggressive buffers, reduce exposure time (measurement time) as
much as possible and rinse thoroughly with water after the measurements. Using
aggressive buffers leads to shorter maintenance intervals; change the O-rings,
injection ports/check valves and, if necessary, silicon tubes more frequently.

Table 17.1: Chemical resistance of materials in the ZetaView® instrument

Part Injection port Tubes Measuring cell Measuring cell Cell assembly
Bottles Connectors Z-NTA cell assembly
Connectors O-rings Fluidic feedthrough
Material Polycarbonate Silicone Fused silica Stainless steel PEEK
Medium tested?
Distilled water YES YES YES YES YES YES
Phosphate buffered saline(PBS) YES YES YES YES YES YES
Acetone YES NO YES YES* YES YES
Isoproanol YES YES YES YES** YES YES
EtOH 98% YES YES YES YES YES YES
NaOH (1M)**** YES YES YES YES YES YES
Sodium perchloride (5%) YES YES YES*** YES YES YES

* with pipe cleaner or cotton swap / Q-tip

** resistant but not recommended for cleaning

*** No experience. Avoid exposure, may lead to discoloration or corrosion of silicone.
=+ pH >13 only briefly for disinfection purposes

This table is subject to continuous development. If you have any questions about the compatibility of other chemicals
not mentioned here, please contact the Particle Metrix Support at service@particle-metrix.de.

299


mailto:service@particle-metrix.de

{PARTICLE
METRIX

Index
11-Position table............cc..oeoevvriinnnnnnnn. 117 flushing ..ccoooeeeii 253
Administrator mode ...........cccccu...... 95, 260 Focus optimization........................... 76, 80
Air bubbles ..................... 51, 275, 278, 283 Frame Rate......ccooovveiiiiiiiiiiieeeens 136
Alignment suspension ............cccccevvvenen. 49 Graphical user interface.............ccccuuee... 52
Alignment tab ..........ovvviiiiiiiiiiiiiiiiiiienns 261 GRUBBS Significance Test.................. 120
ANAIOY VIEW......vvvvvveiiiiiieieieeevirenennnnnnnnnns 67 GRUBBS _Ml...cccovvviiiiiiiiiiiiiiiiiieeeiieee, 120
Analysis menu.........ccccceeeeeeeeeeieeeviinnnnn. 162 GRUBBS _Number........ccccoeeeevvvviiiinnnnn. 120
Analysis tab............uevviiiiiiiiiiiiiiiiiiiis 105 GRUBBS_SIZE.......cccvvvvvviiiiiiiiiiiiinnnn, 120
ANtbOAY ..o 224 Helmholtz-Smoluchowski............... 15, 226
Auto Brightness........ccccceeevveeiiiiieniinnnnn. 142 Inverted parabola...........ccccoeeeeeeiiiiiinnnnnn. 79
AutoAlignment............ccccee....e. 44, 74, 267 Legend.........ccoooeeeeiiiieiiiieee e, 177
Autosave.pdf ............eevveviiiieiiiiiiiiiiiinns 101 lINear Plot.........coevvvveiiiiiiiiiiiiiiiiiiiiiieee 165
AUutosaVe.IXt .....ccoeiiiiei e 101 logarithmic plot...........ccevvviviiiiiiiiiiinnnnn. 165
FANVZ=T Vo [T o [ 171 Low Bleach ......cccoooeeeiiiiiiiiiiiineenccinn, 216
background ...........ccccciiiiiiiiiiiinns 277,278 Manual focusing...........ccccvvvviviiiiinnnnnn. 264
Calibration tab ..., 263 Max MoDbIlity ... 252
Cellassembly......ccccceeevvvveininnnnn. 26, 27, 28 MAX ZP oo 251
(o1<] | I o7= L (=] 29, 31 MaxX_Drift ......iiiiiieieiee e, 120
Cell Checktab.....cccoooveevveiiiiiiiiieeeeeieees 72 Maximum Area............cuvvvciereeeerreeeeninnnnns 68
Cell Mask Deep Red .........cccoeeveeeeennn. 223 Measurement Tab...........cccccvvviiiniinnnnn. 97
Cell Mask Green........cccccevvvvieeieeeeeiennnn, 221 Min_TracesS....ccceeevieeeiiiiiiiiice e, 120
Cell Mask Orange............ccceeeeeeeeeeeennn. 222 Minimum Area.........ccccccvvvviiiiiiiiiiiiee 69
Cell Quality Check........cccc........ 42,43, 74 Minimum Brightness .............cccovvvvvvvnnnnn. 68
CFR21Part 11 .ccccooeeeeeiieiiiieeeeeeeeeeees 21 Mobility / ClasS........ccoovvvviiiiiiiiieeeeeiiinn, 252
Classes per Decade........c.ccceeeeeeeeeeenns 199 Monolaser Instrument .......................... 289
Cleaning.........ccooeeeeiiieeeeee, 253 Multiple Acquisitions ............ccccccvvveeee. 123
concentration.........oeeeeeeeeeeee e, 65 Multi-Threshold ............ccccovvviiiviiinnnn. 144
concentration calibration...................... 207 No. of detected Particles.................. 60, 61
concentration-weighted distribution ..... 162 Normalization...........cccceevvvviiiieeeeeniiinns 169
CONAUCTIVILY oo 229 NTA Cell assembly .........cccccevvvennnn. 35, 36
Continuous MOde ........cccvveveeeennnns 92, 229 NUC COMPULET ..., 23
cumulative plot ..., 166 Number of Frames...........ccccccvvvvvnnnnnn. 133
(010|250 178 Number of Particles vs. Position .......... 102
Daily Performance.............ccccceuveeee. 87, 89 Number of Particles vs. Sensitivity ......... 81
Digital VIEW ......ccoveiiiiiiiieeee e 67 number-weighted distribution ............... 162
B U] (7o) o N 65 NVS e, 82, 83, 86
dilution factor.........ccooeeevieiiiiiiiieeees 65 Optimize FOCUS........uuiiiiieeeiiiiiiiiceee e, 80
distributive plot ...........cccccoiiiiiii 166 Outlier control ........oeeeveevieiiiininnes 118, 120
)] ] | 71, 273 parabola.............ccceevvviiiiienneenn. 47,78, 268
Electrophoresis............uuvveviiiiiiiiiiiiiiinnnns 15 PDF report .......coovveeeviiiiiiiiieee 128, 242
electrophoretic mobility.................... 15, 16 PEAKS. .. 174
Experiment Parameters tab................. 100 Percentiles.........cccccooii 174
filter changer .........ccccco 205 Photostability ...........cccccvviiiiiiiiiii, 203
Fluorescence.........ccccceiiiiiiiiiieeeiinnnnnn. 201 Post-acquisition parameters................... 67
fluorescence filter......cccovvvvenvenninnis 25, 204 PreCiSION .cevveeiee e 87
fluorescence mode...........ccccceeeiinnnnnn. 204 PSD nm/Class .......cccccooviiiiiiiiiiinnnnnn. 196
Fluorescence Nanoparticle Tracking pulsed mode..........cccccveieiieeeeeieeii, 229
ANAIYSIS .o 201 Pump & Temp.....oooovvvieiiiieeeeeeeeen, 90
Fluorophores.........covveeiiieieiiiieiinn, 203 Pumpl ... 91



{PARTICLE
METRIX
PUMP2..coiiiiiiiiic e, 91 StEP MOAE ..., 93
PUMP3..oo e 91 Stokes-Einstein relationship................... 15
QUATT Laser Instrument .................... 296 SUMMALION....oiiiieiiiiee e 167
Range_Number..........cccceeveeeiiiiiininnnnnn. 120 Symmetry correction...........ccccceeeeeeene. 228
Range_Size........ccccoiiieiiiiiieiin, 120 Temperature control.............cccc........ 94, 95
Re-analysis .......ccccccvvieiiieeeneeeens 180, 232 textfile i, 192, 193, 246
Region of Interest...........cccvvvvvivviinnnnnns 174 Tracelength........coooeeieiii, 139
Restore Calibration.................cceevvnnen. 265 Troubleshooting ...........cccoevvvviiiiiennnenns. 260
Scatter Plot.......coocvviiiiiiieeeen, 189, 239 ITUBNESS ... 87
Scatter Plot tab..........cccoevviiiii, 108 TWIN Laser Instrument...............ccuuun... 292
Scattering Intensity.........ccccceeeeeeeeieeneennn, 61 VISCOSITY .. 158
SenSitiVity ......ccovviieeiiieee e, 55, 61 volume-weighted distribution................ 163
5] 10117 58, 61 Warranty .......coeeevveiiniieii e, 11
Size measurement.........cccccceeveeeieeeeeenn. 110 D - V(T 179
SmoluchowsKi ..., 15 D - V(T 179
SMOOthiNg .......coooeieieiiie, 173 Zeta potential ..............eveveiiniinninnnnns 16, 226
SOP .o, 145 ZetaVIEW......uvvvveerieiineniinininnnnnnnns 18, 19, 23
Standard Operating Procedures.......... 145 Z-NTA Cell assembly................. 29, 30, 31
Start-up routine..........ooeeeeeeeeeeeeeeen 38 ZP [ ClaSS .....uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinens 248
Stationary layers..........ccceeeeeeeeeeeeeeeen 228

301



	6.1.1 Sensitivity
	7.2 Multiple Acquisitions
	11 Txt-file of size measurement

	12 Fluorescence
	13 Zeta potential measurement
	14 Cleaning and flushing the measuring cells
	15 Troubleshooting

