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OPERATING PROCEDURE OPDLS-1: OPERATION OF THE MALVERN
ZETASIZER PRO DYNAMIC LIGHT SCATTERING INSTRUMENT

1 Background

Dynamic light scattering (DLS) is a non-invasive scientific technique that can be used to determine
the size distribution profile of small particles in suspension or polymers in solution. DLS can also
be used to probe the behavior of complex fluids such as concentrated polymer solutions. Stability
studies can be done conveniently using DLS. Periodical DLS measurements of a sample can
show whether the particles aggregate over time by seeing whether the hydrodynamic radius of
the particle increases. If particles aggregate, there will be a larger population of particles with a
larger radius. In some DLS machines, stability depending on temperature can be analyzed by
controlling the temperature in situ. DLS is used to characterize size of various particles including
proteins, polymers, micelles, vesicles, carbohydrates, nanoparticles, biological cells, and gels. If
the system is not disperse in size, the mean effective diameter of the particles can be determined.
This measurement depends on the size of the particle core, the size of surface structures, particle
concentration, and the type of ions in the medium.

To determine the size of particles, a monochromatic light source, usually a laser, is shot through
a polarizer and into a sample. The scattered light then goes through a second polarizer where it
is collected by a photomultiplier and the resulting image is projected onto a screen. All of the
molecules in the solution are being hit with the light and all of the molecules diffract the light in all
directions. The diffracted light from all of the molecules either interfere constructively (light
regions) or destructively (dark regions). This process is repeated at short time intervals and the
resulting set of patterns are analyzed over time. Since DLS essentially measures fluctuations in
scattered light intensity due to diffusing particles, the diffusion coefficient of the particles can be
determined. DLS software of commercial instruments typically displays the particle population at
different diameters. If the system is monodisperse, there should only be one population, whereas
a polydisperse system would show multiple particle populations.

It is important to note that the size determined by dynamic light scattering is the size of a sphere
that moves in the same manner as the scatterer. So, for example, if the scatterer is a random coil
polymer, the determined size is not the same as the radius of gyration determined by static light
scattering. It is also useful to point out that the obtained size will include any other molecules or
solvent molecules that move with the particle. So, for example, colloidal gold with a layer of
surfactant will appear larger by dynamic light scattering (which includes the surfactant layer) than
by transmission electron microscopy (which does not "see" the layer due to poor contrast).

The Malvern Zetasizer Pro Blue is also capable of measuring zeta potentials of colloids. Zeta
potential is a scientific term for electrokinetic potential in colloidal dispersions. The usual units are
volts (V) or, more commonly, millivolts (mV). Zeta potential is the potential difference between the
dispersion medium and the stationary layer of fluid attached to the dispersed particle. The zeta
potential is widely used for quantification of the magnitude of the charge. The zeta potential is an
important and readily measurable indicator of the stability of colloidal dispersions. The magnitude
of the zeta potential indicates the degree of electrostatic repulsion between adjacent, similarly
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charged particles in a dispersion. For molecules and particles that are small enough, a high zeta
potential will confer stability, i.e., the solution or dispersion will resist aggregation. When the
potential is small, attractive forces may exceed this repulsion and the dispersion may break and
flocculate. So, colloids with high zeta potential (negative or positive) are electrically stabilized
while colloids with low zeta potentials tend to coagulate or flocculate.

1.1  Monthly Calibrations/QA/QC Checks

Monthly calibrations are undertaken to verify the functionality of the instrument and to head off
any problems or safety concerns before they become larger problems that could result in
instrument failure. A commercial powdered milk sample is used in the monthly calibration (see
Section 3).

2 Safety Requirements

The Malvern Zetasizer Pro DLS is located in the Nuclear and Chemical Science (NUCS) Core
Facility, which contains strong magnets for nuclear magnetic resonance (NMR) spectroscopy.
Electronic, electrical, or mechanical medical implants may be affected or even stopped in the
presence of a static or changing magnetic field. For your own safety, if you have a pacemaker or
other medical implant that could be adversely affected by strong magnetic fields, do NOT enter
the NMR labs. Magnets can exert large attractive forces on equipment or other ferromagnetic
objects when brought. Please do not approach the magnets beyond the 5-gauss line (outlined
with yellow tape) or within 10 feet of the magnets.

5 Gauss Line

All of the NMR spectrometer magnets are superconducting, which means they are kept in a
cryostat filled with liquid helium. A concentric dewar of liquid nitrogen is placed around the helium
cryostat in order to keep the helium boil-off rate low. Additionally, liquid nitrogen may be kept in
portable dewars around the facility. Cryogens can pose several risks including: asphyxiation,
frostbite, and chemical explosions. In the event of a magnet quench (see picture below), the
superconducting wire inside the instrument transitions to a normal conducting state. This would

NUCS Core Facility Page 4 of 52



Operation of Malvern Zetasizer Pro OPDLS-1, Rev. 8-2022

boil off all of the liquid helium very quickly. The rapid expansion of helium as it vaporizes can
displace the oxygen in the NMR lab and cause asphyxiation. The facility contains an oxygen
meter, which causes an audible alarm if the oxygen concentration drops below 20%. If you
observe a sudden exhaust of gas from a magnet (and NMR staff are not performing a cryogen
fill) or hear an audible alarm due to low oxygen levels, exit the NMR lab immediately following the
same procedure as the occurrence of a fire alarm.

In the event of an audible alarm, due to a fire alarm or an air alarm from low oxygen levels, or an
instrument quench, please exit the facility through the main door to the NUCS Fulmer Core
Facility and go up the stairs at south end of the building (see left picture below). The building exit
at the south stairs will lead to College Avenue. Please congregate behind Webster until the fire
alarm has ended (see right picture below).
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The same principles of research safety apply in instrumentation laboratories when you are
handling samples. Research samples, glassware, chemical storage, spills, and waste disposal
must be properly handled. You must wear long pants (or equivalent) and closed-toed shoes. No
food or beverages are allowed in the NMR lab. The NMR lab is not a wet lab. All sample prep
should be done in your lab. Do not prep samples at spectrometers. Do not bring your lab coat or
gloves into the NMR lab. Keeping a shared lab clean requires the cooperation of everyone. Please
do not leave KimWipes, paper towels, etc. laying around. If you believe any sample may have
spilled into or onto one of the instruments, please notify the NMR facility staff immediately. Place
a written note on the keyboard to inform the next user.

Some users are approved to analyze radioactive samples in the NUCS Fulmer Core Facility. If an
instrument is blocked off with a barrier (see below picture) for the analysis of a radioactive sample,
do not cross this barrier and enter the instrument bay until the barrier has been removed
(indicating that the instrument bay is free of radioactive material).
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3 Monthly Calibration Procedure

Materials: Carnation Instant Nonfat Dry Milk, Malvern Zetasizer pro Blue, Disposable
Polystyrene Cuvette

3.1 Turnon the instrument as indicated in Step 6.3. While the instrument is warming up, prepare
the calibration standard.

3.2 To prepare the calibration standard, find the Carnation Instant Nonfat Dry Milk, which can
be found in Fulmer 40A.

™MSPOSAL

3.3 Find two 2 dram vials.
3.4 Fill one of the 2 dram vials with deionized water.

3.5 Weigh out 200 mg (x 20 mg) of Carnation Instant Nonfat Dry Milk in a 2 dram vial.

I
e Mot
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3.6 Add 2.0 mL of deionized water to the 2 dram vial containing the powdered milk, and
homogenize the slurry by shaking for 30 seconds. It should look similar to the picture seen
below.

3.7 Bring the vial to NUCS Fulmer and vortex the mixture for 30 seconds. The vortex mixer can
be found on the bench in the Varian 500 instrument bay.
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3.8 Transfer 1 mL of the slurry into the disposable cuvette. The slurry level should be in between
the min and max level of the sample cell (shown on right).

y 5
- _a

e

3.9 Double check the liquid level prior, making sure it is between the minimum and maximum
levels before placing the sample into the sample holder of the DLS.
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3.10 Place the sample in the sample holder and place the thermostat cover (highlighted in red)
on top of the sample before closing the instrument cover. A green light (highlighted in blue)
indicates the instrument is ready for data collection.

g

3.11 Open the ZS XPLORER software as described in Steps 6.6 - 6.8 if the software is not
already open.

3.12 Title the calibration sample: Carnation Powdered Milk Calibration Standard (highlighted in
red).

Measure

Noseries added

EEll O Type here to search
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3.13 Set the Cell to DTS00012 (highlighted in red), the Material to Protein (highlighted in blue),
and the Dispersant to Water (highlighted in green), the Temperature to 25.0 °C (highlighted
in orange) and the equilibration time to 120 seconds (highlighted in purple).

Measure

)
D X = SEm——
o @ Properties @ ethod
—_— lon Powdered Mil..

aaaaaaaaaaaaa

EEll O Type here to search
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3.15 Name the Project NUCS Calibrations Month Year (e.g. NUCS Calibrations August 2022),
and click on the checkmark (highlighted in red) to accept the project name.

ZS XPLORER.

Powdered Mik Calirtion standsrd fessureme © o]
. Tempersure (0
© A parameter 250
E Retum to default temperature
o0z <] proten Viter = v No seres scded

; Equilbaton time 4
NUCS Caltrations g, o ©
20

O mE ==

3.16 Check that the Data Processing Analysis model is General purpose (highlighted in red). If
it is not, select General purpose from the dropdown menu.

Measure

O _O_- - © EZEm

Hatens ? Retum to default temperature
DIS0012 | Protein v Water v 5 No series added

S b v fa‘uszrmcmmem
9 Method buider @
[@ o= ]
B Duplicate
© )
Z ]

Noseries added No series added

P Type here to search
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3.17 To add the size measurement experiment, click on the blue Size icon (highlighted in red)
and then select a reproducibility of 5 by clicking on the icon highlighted in blue and selecting

Measure

Name
Carnation Powdered Milk Calibration standerd
Temperature (°C)

Parar
©acd parameter 250

Dpe Return to default temperature
DTS0012. | Protein Water

No series sdded
- Q)
EB|8 o
Ouplcate
o V]
4
(YO

E No seres adced No seres sdded

P Type here to search i O m @ ™ W =

3.18 Click on the icon of green circle with a triangle in it (highlighted in red) to start the data
collection.

75 XPLORER

- Mate Pper Retum to default temperature

oS0z ¥] protein < Wter - No seres sdded
roject Equilloration time (5)
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4
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3.19 When the instrument is collecting data, the software will look like the following picture. The
data collection should take about ten minutes.
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3.21 After the data collection has completed, the sample, and any remaining material, can be
disposed of in the trash or glass waste and the instrument can be turn off, as indicated in
Section 8.

3.22 The collected data is analyzed and a calibration report is generated as indicated in Section
4.
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4 Reporting Monthly Calibration

4.1 Collect size determination data on the Carnation Instant Nonfat Dry Milk sample as
indicated in Section 3.

4.2 Before filling out a report on the monthly calibration, the size data needs to be analyzed.
Click on the Analyze Tab on the top of the screen (highlighted in red).

@ Camaton Powdered
x
dard ° ®
£ T |
cell Material Dispersant % 05 Clear List
DTS0012 ¥ Protein v Water H Carnation Powdered Milk.
Zos x

NUCS Calbrations )

B 2
Method builder G o
- — o 001

— o o1 1 0 100 tevt -0t 1e-05 1es06 texty Tes08
IR Duplicate. Analysis mod
Genersl pur o -
500 I
4 e .
d ° 400
= a0
Other 2
Z 0
100+
24
o+ o+
o 05 1 1s o1 1 1 10 tees et
Time )

4.3 Click on the Explorer icon (highlighted in red) and select the Project created in Section 3.
The project should be titled NUCS Calibrations Month Year.

S Analyze

Efpoiecs QfecentRessts Simport 1G] - \UCs Calibrations @ BO0H pu. B -
Project Explorer 006 @ “ "
Search Q

Jei01dig
€
3
<
@

2D nanomterial No data qualy issues detected
AGNPs (zta potentia)

AMD_AUnp

Anioric Polysoap Poudered Mik Calire 3291 | 01804
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F2pI
gutribalogy
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P Type here to search i ® W @ om YW
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4.4 Highlight all the five data collections, by clicking and dragging so that all of them are
highlighted or clicking on the first data set and holding the Shift key and clicking on the fifth

NUCS Core Facility

data set. The screen should look similar to the picture below.
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4.6 Click on the teal folder icon (highlighted in red) to select a template for the software

generated report.

Report Designer

P Type here to search

25 XPLORER

4.7 A window will open, select the NUCS Calibration Report and click Open.
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New folder

Mame

ﬁ Adaptive Correlation - Statistics (MP)
25 Wlald

Bl NUCS Calibration Report

ﬁ Particle Concentration - Overlay (MP)
ﬁ Particle Concentration Statistics (MP)
Bl oH Titration - Zeta (MP)

Bl oH Titration Size and Zeta (MP)

ﬁ Protein size report

Bl P5D by Intensity - Statistics (MP)

Bl P5D Volume - Statistics (MP)

Bl Size and Zeta Report (MP)

B size Quality Report (MP)

a Size Report 2 Page Example (MP)

il Zeta Potential - Quality (MP)

ﬁ Zeta Potential - Quality 2 page example (...
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ZREP File
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1 KB
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x
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4.8 A report will be generated, as seen in the picture below. Change the Month Day and Year
(highlighted in red) to the date of the calibration, and change 200 mg (highlighted in blue)
to the mass of the calibration weighed out.

75 XPLORER

ze Report Designer
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Size
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00°C
)

L Type here to search

4.9 Once the title has been saved, to create the pdf of the report, click on the magnifying glass
icon (highlighted in red).

75 XPLORER

ze Report Designer
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L Type here to search
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4.10 A preview of the pdf report will result. An example of the report generated in August 2022
is shown below

Report Designer

Reports\NUCS Calibration Reportzrep’ x

J e BEBE

25 XPLORER

ma in 2.0 mL)

Type:
cell
Mater

Sample Name:
Project Name:
Date and Time:

DLS Calibration for August 1, 2022 with
Carnation Instant Nonfat Dry Milk (205 NUCS Core Facility ,,'Q“

P Type here to search

4.11 To save the pdf, click on the printer icon (highlighted in red).

S H ze Report Designer
Reports\NUCS Calibration Report.zrep® x

B REELTE

Z5 XPLORER

DLS Calibration for August 1, 2022 with
Carnation Instant Nonfat Dry Milk (205 NUCS Core Facility @
ma in 2.0 mL)

Size
8172022 31656 PM
02231810 M

o168

g

P Type here to search
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4.12 A window will appear, select Microsoft Print to PDF, followed by clicking the Print button.

E-E_J Print
General

Select Printer

= Fax
#& Microsoft Print to PDF
[ Microsoft XPS Document Writer

M OneMote for Windows 1(

£ >
Status: Ready Preferences
Location:
Comment: Find Printer...
Page Range
® Al Mumber of copies: |1 =
Selection Cument Page
Pages: Collate
11| 2121|313
Print Cancel Apply

*

4.13

Save the pdf file in the Z:\Malvern DLS\Monthly Calibrations\Year\Month directory (e.g.

Z:\Malvern DLS\Monthly Calibrations\2022\August) as DLS Calibration Results for August

2022 from instrument.pdf.

ﬁ Save Print Qutput As

&« v 4 ||« Monthly Calibrations » 2022 > August v B

Organize MNew folder

ES

MName Date modified

3 This PC
) 3D Objects
[ Desktop
|=| Documents
* Downloads
J’! Music
=/ Pictures
m Videos
e Windows (C:)
- DVD Drive (D:) V-
== NUCS5_MalvernD

[T Malvern Zetasizer Pro Blue Calibration Form for August 2022

¥ Network
LR 4

8/3/2022 11:18 AM

0 Search August

i
Ll

Type

Microsoft Edge P...

File name: | DLS Calibration Results for August 2022 from Instrument

Save as type: | PDF Document (*.pdf]

~ Hide Folders

Save

Cancel
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4.14 The NUCS Calibration Report for monthly calibrations can be found on the NUCS
Instruments drive at the following file location: Z:\Malvern DLS\Monthly Calibrations\

4.15 Enter the name of the NUCS Core Facility staff that collected the data and date of the data
collection. Also, include the instrument parameters on the Monthly Calibration Form, which
can be found on the instrument generated report.

4,16 To add the pictures of the Size Distribution to the report, click on the Analyze menu option,
followed by the green circle with three dots, then the bottom circle to copy the image
(highlighted in red).

25 XPLORER -8 x

S Analyze
[E=IProjects | (D Recent Resuts | &limport

Project Explorer

| 3 Camation Powdered Milk Calibre 3187 02014
4 Camnation Powdered Milk Calibre 3269 0.1701
|5 Camation Powdered Mikk Calibre 3291 0.1804
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crr
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NUCS Calbeatons g 23 3578 121 wer e
oy 01819 001379 75 otees 0z
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4.13 Open Microsoft PowerPoint.
4.14 Create a blank presentation (highlighted in red).

Presentation? - PowerPoint Heden zacharionnt @ # 2 - 9 X
PowerPoint Good afternoon

v New

B e WE - SE

Blank Presentation 3D float design 2 invitations... Statistis focus

P search

Recent  Pinned  Shared with Me

O Name Date modifid
@ vo et
Desktop » VSC
@) NewPowerpoint —_—
Desktop
@) Groupmeeting.5-19-2022 -
Fl & PFG NMR Zengran o
[l Stidesfor NSC User Facily Dra 11-24-21 W1
“| Nuclear and Chemical Science Core Facilty » Shared Documents G

ET Presentation 1972021
Heiden, Zachariah M's Ons Washington State Uni » Documents
1972021
fay) Presentation 2572019
Gurdur W e ) ents

4.15 Paste (control + v) the image in PowerPoint.

4.16 Right click on the image and select Save as Picture to save it as a .png file.

P search Ai-Q)

Insert  Draw  Design  Tran: Side Show  Record ~ Review  View Help  Pi Format ©  @Record & Share
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Lo rm@m & == ocEE: - S mELE BT
Backgound | v - Eetsw - (QReet Pane - S
At cture styes Anange size A
1 Design Ideas -

D] x

0
)
Q
i}
]

iz
EH
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Search the 4\
- —4
z X
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&, ™ Cony
g F& Paste Options:
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= )~
° G Change Picture >
B
od L L
o1 1 10 N 7| tevos I A
Szedom) | O Lock i\
—c. Milk C: O o ok  Histeady \
o o 4

Save s Picture.

B et Text

sidetor1 [0 0 Acessibity Investigate

P Type here to search
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4.17 Save the image as: Size by Intensity Plot of DLS Calibration Month Year.png in the
Z:Malvern DLS\Monthly Calibrations\Year\Month folder.

& Save As Picture
« v 4

Organize « New folder

0 This PC Name

§ 3D Objects
[ Desktop
|| Documents
‘ Downloads
J’S Music
| Pictures
B videos
“am Windows (C:)
- DVD Drive (D) V-
= NUC5_MalvernD

=¥ Network
v <

<« Monthly Calibrations » 2022 » August

Date modified

Mo itemns match your search,

Search August

Type

File name: | Size by Intensity Plot of DLS Calibration

August 2022

Save as type: | Portable Network Graphics

# Hide Folders

Tools

hd Save |v Cancel

4.18 Add the picture to the NUCS Calibration Report.
4.19 Repeat Steps 4.12 and 4.18 for the correlogram.

4.20 Please save the data and the report on the NUCS drive using the following file location:
Z:\Malvern DLS\Monthly Calibration Data and place in the respective year and folder for the
data and report. Please ask the NUCS Core Facility staff if you have any questions. A
sample blank (left) and completed (right) report for August 2022 can be seen below.
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PRO BLUE DYNAMIC LIGHT SCATTERING INSTRUMEN
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Fage 1071

Maivern Zstasizer Fro Sie DLS Calioraion Form; Rev. 092022
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5 Sample Preparation

5.1 Samples can be prepared using the cells provided next to the Malvern Zetasizer Pro Blue.

5.2 When preparing and handling samples, gloves should be worn to avoid transferring oils
from a user’s hands to the cells, which can influence the measurements.

5.3 For size analysis, a box of polystyrene disposable cuvettes are available.

5.4 For the best size analysis, the sample should be slightly cloudy, as seen below. Sometimes
multiple samples with varying concentrations are needed to obtain acceptable results.

BES

-

ol'um& is a st ‘,
ig, ¢.:an =

(lead _,

isref,

e e
Best range of concentration for measuring Best range of concentration for measuring
this ~ 1 micron diameter particle system by this 36 nm diameter nanoparticle system by
dynamic light scattering. dynamic light scattering.
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5.5 The height of the sample should be between 10 and 15 mm. The cover of the sample
chamber contains a picture that the sample holder can be placed next to check that the
sample quantity is within the instrument limits.

/

|

Particle size and molecular size

Non-Invasive Back Scatter (NIBS)
Dynamic Light Scattering
Diameter: 0.3 nm - 10 um

Concentration range Minimum sample concentration:
Blue Label: 0.2 mg/mL 15 kDa Protein
Red Label: 0.1 mg/mL 15 kDa Protein

Maximum sample concentration: (3)
40% wiv

5.6 For a zeta potential analysis, a box of disposable sample cells are available next to the
Malvern Zetasizer Pro Blue.

Lo
Malvern

ZETASIZER NANO SERIES
Disposable folded capillary cells

Pack of 10 cells with 20 stoppers.

Re-order: DTS1070
www.malvern.com

Tl:!q?r‘m/ar‘b‘ﬂwuﬂql——a\amrr%m .
e 54 e s stoce il
= g

-

Cells for all applicatians. For more infermation, visit; www.malvern.com/cells
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5.7 Tofill the cell for a zeta potential analysis, fill a syringe with the solution to be analyzed and
inject it into the cell using the ports at the top of the cell. A diagram for filling the cell can be
seen on the inside cover of the Zetasizer capillary cell box.

5.8 Upon filling the cell, attach the caps, as seen in the picture seen below.

Zeta potential

Measurement principle Mixed-Mode Measurement phase analysis light scattering (M3-
PALS)

Size range Diameter: 3.8 nm — 100 um (2)

Minimum sample volume 20 pL @

Concentration range Red Label: 1 mg/mL &) to 40% wj/v ()
Blue Label: 10 mg/mL &) to 40% w/v (€

Sample conductivity range Maximum: 260 mS/cm
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6

Data Collection on the Malvern Zetasizer Pro Dynamic Light Scattering
Instrument

This section is to be completed after a weekly calibration (Sections 3 & 4) has been performed.

Materials: Sample for size or zetapotential analysis, Malvern Zetasizer Pro Blue DLS

6.1

6.2
6.3

Instrument time on the Malvern DLS are made on iLab (https://wsu.corefacilities.org/), prior
to the user’s instrument time. Reservations are based on service, not time. Please indicate
the number of data collections obtained during the reserved time. If you have questions
regarding booking instrument time, please ask the NUCS Core Facility Staff.

4]&,. 2 zocrn it <

= CS%ah | e oresionsoman

Start by writing the date, starting time, and your name in the instrument logbook.

Check to see if the Malvern is on. The default state is to have the system powered down.
The power switch can be found on the back of the instrument on the right side, when facing
the instrument. To turn on, push the black button, highlighted in red in the below picture.
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6.4 The light on the front of the DLS will be orange as the laser warms up. It will take about 5
minutes to turn green in color to be ready to go. It is recommended that you wait at least 15
minutes after turning on the instrument before using.

6.5 When the instrument is ready to go, the light on the front of the instrument will be green in
color, highlighted in red in the below picture.

NUCS Core Facility Page 28 of 52



Operation of Malvern Zetasizer Pro OPDLS-1, Rev. 8-2022

6.6 Atthe computer, double click the ZS XPLORER icon, highlighted in red, which will open the
software to control the DLS.

©

Baokmarks

W Malvern Panalytical
R My Documents
N rep

SPOYJR UOEIYLIEA
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6.8 To make a measurement, there are two options, the Measure menu option (highlighted in
red) can be clicked or the Measure size or Measure zeta potential option (highlighted in
blue) under the Measure option can be clicked.

Home

g
§
5
]
=
g
S
g
&

[Tl £ 1ype here to searc

6.9 If the desired experiment is to measure the size of a dissolved particle, then select a cell
containing the sample, for example a polystyrene disposable cell (provided).

Measure
U U U iiv Properties - B
feasuremen e Ew- jater 3-12-22 N
Tempersture (01
20

- ol - Retum to default temperature
oTson2 ~ || polystyrene . Water

D001z

Disgpesable 10:10 Plastic Cell

= = N series added

@ e
]

02
k Capilary Cellimin volume 2 )

o
[ 1 x]
L ZENONO
, Bnipis model
Low Vohume Disposable Cuverte Duplicate ”
e - =] [~}
Nz
I Lo Vokume Guartz Bach Cuverte
@
¥ =

[Tl £ 1ype here to searc
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6.10 If the desired experiment is to measure the zeta potential of a dissolved particle, then select
a cell containing the sample, for example a disposable capillary cell (provided). Skip to Step
6.22 for additional steps for the analysis of the zeta potential of a solution.

Measure
I o m=m
-;’;c;\\'a\e‘ 3z fessarzmen

- Tempersiors ()
€ 4t pavameer 230

< Retum to default temperature
oS00z = e Water = N series added

DIS1OM0
Disgesable Folded Capiary Cell

# ZEN1010 Wby | i
HeCal
i I (| : [ [

_— 1\
y i Nt
.
‘ ‘ e

DIst080
Dispcssble Falded Capilary Cell

oTsion
osable Folded

[Tl 2 1ype here to search

6.11 Then, the user will want to select the material that is most similar to the material that the
user wants to measure the size of. The options are: polystyrene latex, protein, colloidal gold,
SiOg, TiOg, colloidal silver, liposomes, FezO4 (magnetite), and Fe O3 (hematite).

Measure

00000 ~-- : O —

Pool Water 3-12-22 e D X
& 4dd porameter
- o Dispersant Retura to default temperature
oTson2 | Polystyrene ... Water = . Mo series added
Project Q K A fime
NS ook e
£ | )
B [ P — S
g = o0 s
boten p
@
prest o - -] @
A - @
o L]
s02 P
[ —
- o Na jcdedd Na jcdedd
e e o — S—
@
@
@
Fe203 (Hern #
[~
Refractive Index Absorpbon

313 0an

LI O Type here to seard
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6.12 If a new material needs to be added, listed below is a table of common materials.

Table of select material properties

Sample material refractive index absorption
Liposomes ¥

Phospholipids n=1.45 k=0.001
Exosomes n=137 - 1.39* k=0.01
Microvesicles (> .2pm) n=1.40% k=0.01

Nanoparticles and Colloids

Gold [Au] n=0.20 k=332
Silver [Ag] n=0.135 k=3.99

Platinum [Pt] n=2.32 k=416

Palladium [Pd] n=177 k=429
Tio2 n=2.41 k=0.001
Si0o2 n=1.54 k=0.00
PFOB emulsions n=1.305 k=0.10

Nanodiamonds n=2.42 k=0.00
Macromolecules

Proteins n=1.45 k=0.001
Polystyrene n=1.59% k=0.01

# “Optical characterization of liposomes by right-angle light scattering and turbidity” Biochimica et Biophysica Acta
(BBA) - Biomembranes 1467, 1, 219-224 (2000)

* “Measurement of refractive index by nanoparticle tracking analysis reveals heterogeneity in extracellular vesicles”
Journal of Extracellular Vesicles 2014, 2:25341 DO 10.3402/jev.v3.25361 (2014)

+ In addition, the "Refractive index of amorphous polumers” at polymerdatabase has a relevant related list.
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6.13 Then, the solvent needs to be chosen. Options are: Water, 40% Sucrose, 13% Sucrose,
Hexane, Acetone, Decane, Ethylene Glycol, Heptane, Isopar P, Kerosene, Methanol,
Methyl Methacrylate, Propan-2-ol, THF, Toluene, and Ethanol.

Retum to default temperature

o100z “| wolystyrene = = N series added

Q

Project
NSC P Water

@
g Method buider @) | Vimyintag T
°

&=

ture )

oTso0i2 | wolystyrena Water = = No series added

Praject T a
NSC Pacd Water ;

Method builder <E) Rl Viscosty mPas) Temperature ('C)
133 08872at25°C 0100
@

4
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6.15 After setting the parameters, a project on where to save the date needs to be selected. If a
new project is needed, the green plus sign is used to create a new project.

Measure
3 e =&

Q0000 - ‘

[
Pacame Tempersture (01
@ st pramerer 50
Retum to default temperature
DTsonz | olystyrene | Water = No saries ad0ed
Progect Equilibration time 5}
NS Pocl Water o] *
2
AgPs izeta potential)
D AUnp
[ ATH Potyres Project . °
Bnaiysi model
T e - @ [ -]
@

(Ll © Type here to search

6.16 Then to set up the data processing routine, a user can select between general purpose,
narrow modes (used for multiple peaks), and L-curve analysis. For most samples, the

general purpose mode is the best option.

Measure
> e =3

Q0600 -
[Messwrement  ® \D\ aeirn

Pool Water 3-12-22
Tempersturs ()

@ 24 porameter 250
- i Disperat Ratumn 10 deful erperanire
o0z ¢ polyrenele - Water = N serie added
profect Cquiibretntime 6}
NSC Poot arer .
L
B Method buider @
@=  mo ’
R Dupite Anatyss moie
Ganeral pupose ~ () @
Generat pupase
4 e uses ampis
General punpose extended range

Multiple narow mades.
This te o samples

- curve analysis
rimal pesk widths,

Ll O Type here to search
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6.17 If desired, the advanced settings can be adjusted, but for most data collections, the default
values will provide satisfactory results.

Measure
Q000 ‘ e ===

Pool Water 3-12-22 al T.
x

Temperaturs ()
250

- o Retum fo default temperature
orsomz “ Polystyrenel. Water = = No saries 3aced

Equiliration time (]
£

B Method buider B
o ¢

[ 5= o
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NSC Poot Weter i

4

L JO]

Optaal
N fiter
Pause Between repeats [

(LIl © Type here to searc

6.18 If a cell that is chosen in Step 6.9 is only capable of size analysis, the Size option will be
the only option highlighted.

Measure

Q000 - i -

- «

Sample Test e

Tempessure 01 e

€ 4dd parcamater 2350 x
Retumto et emparanre
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Other
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NUCS Core Facility Page 35 of 52



Operation of Malvern Zetasizer Pro OPDLS-1, Rev. 8-2022

6.19 In the method builder section, a user can choose how many times the data collection is
repeated. Collection of the data at least three times is recommended.

Measure
Q0000 - ' L
e — o ieter -12-22 cal Tet
Jeasuremer [ 5] x
Temperature (€1 Sampie T
0 x
Retum to default temperature
DTsonz | Polystyrene | Water = No saries ad0ed

NSE Poc Water

(LIl © Type here to searc

6.20 When the experiment is set up, the user can click on the green circle with a triangle
(highlighted in red) to start the data collection.

Youw o) @ 2
S sssureme o @ :
© Add paramerer 250 x
- e Dispersant Retum 1o default temperature.
DTS2 | polystyrene 1. Water = No series added

et -
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B F——— nooEnm

[ 5= CERE e

p— e P
4
@ (a
o
R R

[El £ 1ype nere to searc

6.21 Start of the collection of data will be indicated by the green circle changing to a red circle
(highlighted in red) with a square inside of it. The text output at the bottom of the screen will

also indicate the experiment status.
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6.23 To measure the zeta potential for a sample, the cell chosen in Step 6.10 must be capable
of zeta potential measurements. Cells capable of zeta potential measurements can be used
to also measure the size of particles in solution.

6.24 Select Zeta under the Method Builder Option.

bl | |
| M/ [ | | A
AR AT, NRTI | T LYY
B oot AL VWAV A ane Ml U WA MY\
: Y “w\y ““ e L R ST

6.25 In the method builder section, select how many times the zeta potential data collection is
repeated. Collection of the data at least three times is recommended.

6.26 To start the data collection, click on the green circle with a triangle to start the data
collection.

6.27 Start of the collection of data will be indicated by the green circle changing to a red circle
(highlighted in red) with a square inside of it. The text output at the bottom of the screen will
also indicate the experiment status.

0006 O —
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NSC Poct Water

€
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6.28 After the data collection has completed (5-10 minutes), the data will appear on the screen.

spersant 2 Clear L
Cel ° Retum to default temperature F] l
G070 7| Coloaigald ~ wWater = 5| £ 0] Sl Tt
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Project ; @
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0 . . . . .
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6.29 Upon completion of the data collection of the samples, the default state of the system is to
be powered down when not in use. See section 8 for instructions on powering down the
instrument.
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7 Data Workup on the Malvern Zetasizer Pro Blue DLS

7.1 To analyze the data, select Analyze in the menu options at the top of the screen (highlighted
in red).

Measure

oTsm2

it Cquibreton fime b} o 0]
NSC Foct ister e ™ ] -

12 a \_‘ Foal Water 3-12-2
x
g Method buider GB) 1 ~— @
o1 1 k ' Tes0s s 1406 v 1008
[ oo Water 31222 mage
= &S O T ) a x
B o

Ll © Type here to search

7.2 The analyze option will show the data for the data from the last user that used the analyze
option. To access the data that was just collected, click on the green explorer arrow
(highlighted in red).

Size Digwibutien by Intsnsiy
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7.3 The Project Explorer will open and allow the user to select the location of the data collection.
Select the desired folder and click back on the green arrow to close it.
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7.4 To view a selected data set, highlight the desired data sets
automatically be plotted on the screen.
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7.5

[Elprojects | O Recentbesulls - impert

Project Explorer

To average a data set, select the data to be averaged and then click on the average button
(highlighted in red)
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You will then see another window show up behind the 1D View window. The window will be
called the Peak Column View. Click on this window to see information on the peaks found
in the spectrum.
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To save the data, right click and select Save As. A window will show up and the data can
only be saved as a Measurement File (.zmes) in the Malvern software.
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7.9 The quality of the data can be examined by Selecting the Data Quality Guidance from the
drop down menu (highlighted in red).
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7.10 In addition to examining the data quality guidance, analysis of the correlograms can provide
insight into the system. A low correlogram intercept indicates fluorescence, where the
sample emits its own light, which is detected additionally to the scattered light. A higher
intercept indicates that the number of particles within the laser beam is changing
significantly over time. This means that the average scattering intensity is not stable.
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7.11 To manipulate the data outside of the Malvern software, the data will need to copied to a
text file.

7.12 Create a new text file by right clicking on the Desktop and selecting New -> Text Document.
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7.13 In the Malvern software, click on the circle with three dots on the plot of interest. You will be
given two options, select the top green circle (highlighted in red) to Copy the Data. The data
can be pasted in the text file and the text file can be saved and opened in other data analysis
software (e.g. Microsoft Excel, Origin, etc.)
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7.14 To copy the image, click on the green circle with three dots in the figure to be copied. Click

on the bottom green circle (highlighted in red) to copy the figure, which can be pasted to a
different location.
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Copy Image

Mo data to plot

7.15 Custom reports can be designed using the Report Designer tab.
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7.16 The NUCS Core Facility has developed a couple of reports to be utilized in data analysis
(highlighted in red).

H Open X
4 » ThisPC » Documents » Malvern Instruments » ZSXPLORER » Reports v 4] D Search Reports
Organize ~ Mew folder E 4 in'j o

Reports ~ Name Date modified Type Size ~
@ OneDrive ﬁ Adaptive Cerrelation - Statistics (MP) ZREP File 11 KB
= ZREP File KB
This PC Bl NUCS Calibration Report ZREP File 21KB
- 3D Objects Bl NUCS Size & Zeta Report ZREP File 33KE
[ Desktop ﬁ NUCS Size Report ZREP File 21KB
|j Documents ﬁ MUCS Training Report ZREP File 21 KB
* Downloads g Particle Concentration - Overlay (MP) ZREP File KB
J’ Music ﬁ Particle Concentration Statistics (MP) ZREP File 9KB
= pict ﬁ pH Titration - Zeta (MP) ZREP File 4KB

ictures

= ) ﬁ pH Titration Size and Zeta (MP) ZREP File 4KB
m Videos ﬁ Protein size report ZREP File IKB
i Windows (C) Bl PsD by Intensity - Statistics (MP) ZREP File 11KB
= DVD Drive (D) V. & PSD Volume - Statistics (MP) ZREP File 2kB
= MNUCS_MalvernD ﬁ Size and Zeta Report (MP) ZREP File 15 KB
ﬁ Size Quality Report (MP] 3/6/2020 2:25 PM 7REP File 5KB

=¥ Metwork v crm A

File name: | MUCS Size Report ~ | Zetasizer report files (~ZREP) v

7.17 Opening one of the Report options, when a desired data set is selected, results in the report
seen below. The title can be edited to add a sample title. After adding a sample title, click
on the magnifying glass icon (highlighted in red).

Report Desi

Reports\NUCS Size Reportzrep x

E Size Report for 'é‘
00000000
P— @t

Messurement Type sze

Measurement Start Date And Time &/
Measurement Completed Date And Time: &/

Z-Average (nm)
Polydispersity Index (P1)

Diffusion Coefficient (um*2/s)
Mean Count Rate (keps) 271

00000000
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7.18 A sample pdf of the report will be generated. If the report is to be edited, click on the crayon
icon (highlighted in red). If the report is to be saved as a pdf, click on the printer icon
(highlighted in blue).

Renort r
Report Designe|

Reports\NUCS Size Reportzrep x

S aEo@E

Size Report for 5y

3 133
Dispersant Viscosity (cP): 0887
Dispersant Dielectric Constant: 785

Polydispersity Index (P1)
Diffusion Coefficient (ym*2/s) 152
Mean Count Rate (keps) 2.

£ Type here to search

7.19 A window will appear to save the pdf. Please save it in the respective file location for the

user.
B save Print Output As X
€« v 4 [E > ThisPC > Documents > v o Search Documents
Organize v New folder = o o
[ This PC 2 Name Date modified Type Size
) 3D Objects Bang File folder
I Desktop Bell group File folder
] Documents Bose Group File folder
Brena_Heiden File folder
& Downloads '
Collins group File folder
D Music T File folder
&= Pictures Custom Office Templates File folder
B Videos Debashree File folder
e Windows (C:) Hannah File folder
DVD Drive (D:) V- Malvern Instruments File folder
= NUCS_MalvernD NUCS Fulmer File folder
Peters group File folder
¥ Network
v
File name: I| v
Save as type: PDF Document (*.pdf) v
A Hide Folders Save Cancel
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7.20 Clicking on the instrument option provides the information on the instrument status
(instrument name, serial number, instrument status, temperature, and the lid status). This
section also indicates what features are enabled, available capabilities, and an option to
measure the scattering standard.

@

Grbry  Titrator

Instrument Status System Features Instrument Capabilities Measure Scattering Standard

Forward Scatter. Enabled 13-Degree Optics

ssssss

Side Scatter Disebled 90-Degree Optics
Back Seatter Ensblec NIBS Optics

Tew Erableg
MADLS Disablea

Partice Concentiation Dissbled
Tirsion Titator ot connected
oous Erabied
Flusreszence Filter - Back Seaterna  Erables

NUCS Core Facility Page 49 of 52



Operation of Malvern Zetasizer Pro OPDLS-1, Rev. 8-2022

8 Powering Down the Malvern Zetasizer Pro Blue DLS

8.1 To shut down the instrument, press the power switch on the back of the instrument
(highlighted in red) on the right side, when facing the instrument.

8.2 The light on the instrument (highlighted in red) will turn off when the instrument is off.
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8.3 The software will indicate that the instrument is no longer detected, as indicated by a
grayed-out instrument status (highlighted in red).

75 XPLORER

e Measure A Report t
Name Sample 1 "
sample 1
Paramet
@ Add paramet.
cet Material Dispersant
oTS0012 “]  polystyrenelic || Water v No seris added
Project
NUCS Calbratons .0
9 Method buider @

Ll © Type here to search

8.4 Close the software for the Malvern Zetasizer Pro Blue.
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9 Training

All users of the Malvern Zetasizer Pro Blue must be trained by NUCS Core Facility staff and have
documented training, signed off by a designated trainer for the Malvern Zetasizer Pro Blue, prior
to using the instrument. Records of trained users can be found here: Z:\Malvern DLS\Training
Records

Designated NUCS Core Facility Instrument Trainer for the Malvern Zetasizer Pro Blue
Zach Heiden, NUCS Core Facility, 509-335-0936
Nuclear Science Center Emergency Line: 509-335-0004

Training on the Malvern Zetasizer Pro Blue Dynamic Light Scattering Instrument consists of the
safe use of the instrument, collection of a single DLS size dataset on a Gerber Good Start Baby
Formula (300 mg in 3.0 mL), data analysis using the DLS software, generating reports using the
DLS software, discussion on how to collect a zeta potential measurement, making instrument
reservations in iLab, submitting an instrument problem report, powering down the instrument,
keeping records of use in the instrument logbook, and data transfer/access.

The form that is completed during a training session is seen below:

Malvem Zefasizer Fro Biue DLE Training Form; Rev. 08-2022

N
1 . g_" TRAINING FORM FOR NEW USERS OF THE
i MALVERM ZETASIZER PRO BLUE DYNAMIC LIGHT SCATTERING INSTRUMENT

Traines Name Traine: Emall Address

Frinciodl roesEgator Frrcpal Invesigair
of Trainee Emall Address
Trainer Mame: Training Date

Data Collection Parameters of Tralning Sampis
Training Sampee Gerber Good S2art Saty Fomus | Cail Type DTE0012 Disposabée Cuvete

Training Sampie Mass gl 300 mg I 3.0 mL Dizperzant Name Water

Matzrisl Name Frotein Disperzant Refractve indes (R1) 1.33
Matersl Refractive index (R} 145 Disperzant Viscosty (o) o.es7
Materal Absorpson .00 Orsperzant Dieiecrc Constant 785
Tempemature 25°'C Analysis Model Muitipie Namow Modes

Eguilbmtion Time iseconds) 120

Data Collschion Information |
Comreiation Cosficient Piot Bize Distrbution Piot |

Zlz Distribution of Training Sample

Mezan Z-Average (nm]} Mean Poiydispensity index (F1}
Minimur Z-Average (nm) Miinimum Folydisperssy ndey (P1)
Masimum 2-Average (Am) Mt murn Poiydispersty index (F1)

Peak One Mean by Intensity jnm) Mean Count Rate (kops)

Feak Twn Mean by Intensity jrem) Diffusion CosfMckent
[
The traines has been irained on the use of the:

O Making Instrument res=rvatons in 1Lk

O Submitting a Problem Report

O Sampie Frparation

O Loghook

O Dt TransieriAccess
O Safety Procedures of NUCS Core Fadity
File patn for Dam Ssomage

=

Trainer SgnatarsFrint ‘ Diate: |
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