[Microrheoclogy

Introduction

This chapter gives an overview of the microrheology option in the Zetasizer
software. It can be used with either a Zetasizer Nano ZS or ZSP. The
microrheology option allows the measurement of the viscoelastic modulus of
samples within the linear viscoelastic region.

ZEN5600 Zetasizer Nano ZSP instrument
ZEN3600 Zetasizer Nano ZS instrument

It describes how to connect, control and operate the microrheology optioned
instrument to ensure reliable and consistent measurements.

DLS Microrheology

The new measurement protocol for the Zetasizer Nano ZS and ZSP has been
called DLS Microrheology, as it is a cross over between DLS and rheology, and
allows rheological measurements of low viscosity and weakly structured samples to
be made.

Advantages of DLS Microrheology are:

B Rheological characterization of low viscosity, weakly-structured samples. Via
access to very high frequency (short time) dynamics which is highly relevant
for dilute samples or weak structures.

B Very small sample volumes can be used (approx. 12uL). This is particularly
suitable for precious protein samples.

B Provides rheological parameters - G', G, n*. Data can be verified using the
same sample measured on a rotational rheometer where measurement ranges
overlap. Data can be exported and used in the Malvern rSpace software.
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B Extends viscoelastic measurements into ranges inaccessible by mechanical
rheometry techniques.

B Fast measurements are possible, with all frequencies effectively sampled
simultaneously.

B Applications for viscosity of protein solutions and onset of protein aggregation.

DLS Microrheology - basic theory

DLS Microrheology uses tracer probe particles to measure the relationship
between stress and deformation. Both DLS and ELS measurements are done to
ensure robust measurement methodology.

A measurement consists of the 3 main measurement steps.
B Ensure suitable tracer particle surface chemistry

Zeta potential measurement step to show no significant interaction between
the tracer particles and measurement sample.

The tracer is initially measured in the sample buffer/dispersant (or solvent)
alone with no sample added. sample is then added and a second measurement
performed. The two zeta potential results are then compared - a small relative
change in zeta potential in the presence of the sample indicates minimal inter-
action between the sample and tracer particles.

B Ensure suitable concentration and dispersion of tracer particles

Size measurement step for evaluation of appropriate scattering signal and PSD
to meet this condition.

A size measurement is run to see that tracer scattering dominates signal, and
has a narrow monomodal Intensity PSD peak, i.e. tracers are dispersed prop-
erly.

B Measure Correlation function of tracer particles

Perform a microrheology measurement and extract microrheology data from
Mean Square Displacement (MSD) plot.
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Microrheology utilities

The Zetasizer software has a utilities section for the Microrheology suite, which
can be accessed via either the Tools menu (Tools-Utilities-Microrheology
utilities) or from right clicking on a microrheology record.

Microrheology data processing = B =
Mean Square Displacement | Viscoelastic modui | Complex viscosity |
Controls
Select series [80] 50 ma/ml BSAIn PBS 50mgA ~
1.0e-013 g
Fit Resuls
Model Power law model -
1.0e-014
P Fit Name Powerlaw model 1
= Lower fit limit (secs) 0.5
§
= Upper fit limit (secs) 2.206E+06
8
2 HideAll | [ Delete | [ Add
o
A Farameter Value Eror
5
H]
=
1.0e-017 4
« i v
1.0e-018 —rrgigmr r T T T T T ] Fits
1.0e-0011.0e+0001.0e+0011 De+0021 0e+0031.0e+0041.0e+0051 0e+0061 0e+0071 0e+008
Time
e [80] 50 mg/ml BSAin PBS 50 mg/ml BSAin PBS 1
Save ][ load | [ Help ][ Cancel

The following tab selections are available:
B Mean square displacement

B Viscoelastic Moduli

B Complex viscosity

Each tab page contains controls that allow different models to be fitted to the
microrheology data graph.

It is important to note however that not all models will be applicable to all the
datasets. Due to the measurement inconsistencies at very short timescales, there
will be areas of the data that will not be appropriate to use with the models.

In order to change the area used, and displayed in the Fit results area, left-click and
drag the range pointers (the red triangles on the x axis) to an appropriate point on
the chart.

To export the microrheology data, refer to the next section.
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Exporting the Microrheology data

On completion of the measurement the rheology data can be exported from the
Zetasizer Nano software, saved as an .xml or a .csv file.

Note
3 The .csv file should be used if the results are to be imported into the Mal-
vern rSpace software.

Exporting the microrheology data (.csv) - using the File option

To export the measurement data as a .csv file.

B Seclect a microrheology measurement record. The export will not work if this is
not done.

B Select File-Export.

B A window is displayed requesting the export destination. Enter the destination
and alter the parameters and settings as required.

B To export the data as a .csv file select the Browse button and alter the file
extension.
(Note: if Ok is pressed the data will be exported and saved as a text (.txt) file.)

Note
Refer also to the Exporting results section in the main user manual.

Exporting the microrheology data (.xml/.csv) - using the Microrhe-
ology utilities

To export the measurement data as either a .xml file or a .csv file.

B Seclect a microrheology measurement record. The export will not work if this is
not done.

B Sclect Tools-Utilities- Microrheology utilities.

B The Microrheology data processing window will be displayed. Select Save
and input the export destination. Alter the file extension to .xml file or .csv as
required.
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B On selecting OK, the data will be exported. The parameters that are exported

are:

Sample Name Date

File Name Lag times (us)

Times (us) Angular Frequency (rad/s)
Creep Compliance: Mean Square Displacement:
Plot against Times Plot against Times

Channel Values: Complex Viscosity (cP or mPas):
The Correlogram, plot against Lag times  Plot against angular frequency
G Prime Prime (Pa): G Prime (Pa):

Viscous component, plot against angu- Elastic component, plot against
lar frequency angular frequency

These can be imported into rSpace software using an appropriate sequence.

Note

3 It is important to note that for the first release of microrheology, the time
is exported from the Zetasizer software in us, and will be imported into the
rSpace software in s.
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Controlling the Microrheology
measurement via an SOP

A microrheology measurement follows the same SOP format as performed when
doing a normal size measurement, with a few exceptions.

When a microrheology measurement is chosen some extra dialogues -
Optimization and tracer - will be included in the SOP selections.

The SOP Editor and setup is described in full in the Zetasizer Nano user
manual. Most of the SOP sections are common to Measurement types, and these
are described in the above manual. The other SOP sections are specific to the
microrheology measurement being performed; these are described below. Also
note that some of the other dialogue pages will alter slightly to accommodate extra
parameters necessary to perform the microrheology measurement.

Creating or editing an SOP - Measurement type
selection

B To create a new SOP, sclect File-New SOP. This will open up the SOP Edi-
tor. The SOP Editor consists of several dialogues that can be stepped through
by using the Next arrow button.

(To edit an existing SOP, choose Open-SOP instead.)

B Complete the SOP Editor as described in the Zetasizer Nano user manual.
B Once the SOP has been created, press Finish and save the new SOP.

The various SOP dialogues are described below.

Measurement type options

Select a microrheology measurement type then complete the SOP creation as
required.

Optimization

The optimization SOP window is required for preparation (optimization) of the
sample and measurements before the microrheology measurement proper.

Optimization is the process of performing zeta potential and size measurements on
the tracer particle and then subsequently on the measurement sample to ensure all
requirements are met prior to performing the microrheology measurement.

The zeta potential and size optimization measurements are configured by clicking
on the Edit buttons - this will open the standard zeta potential and size SOP
windows as described in the main user manual. This stage is not always necessary;
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depending upon the measurement setup and data available, both the zeta potential
and size optimization measurements can be ignored, with the user going directly to

the microrheology stage.

New SOP - Microrheology =
File  Help
@Bk @ HA L)
p Measurement type: Microtheclogy Zeta Potential SOP  [¥] Size SOP Fl
Instrumert configration Loaded from Defautt values Loaded from Default values
Sample [ load |[ _Eat | [ losd |[ FEa
Tracer
I\Dﬂl.atsnal Zeta potential measurement to study sample/ Size measurement to monitor tracer and sample
ispersart tracer interaction scattering
Temperature —
Cell Measure ZP
Measuremert and slzeof ek saile -
H : tracer in buffer balahaniila X
Instructions
|
Advanced 1 1 san
| distribut
Measure tracer Choose N e o manomodal?
Zhisampy """j,r:,”,fi;f:e’ tracer particles
T T Yes
l Mo
e
Doas the ZP ¢ Frepar_e e
change more than »—Yos—- - —Yus-] ::dmfrl\z:;::éﬂiz Microrheology
e size measurement
Settings Description

Zeta potential

Select or deselect the zeta potential and size tick boxes as

SOP / Size SOP required. Refer to the schematic description below.

Load Load a saved SOP file. The SOP loaded will be shown in the
above entry box.

Edit Edit a new zeta potential or size SOP.

Schematic The schematic shows the optimization process that will be

conducted. If either or both of the zeta potential or size SOP
tick boxes are deselected, the schematic will grey out that
part of the schematic and that part of the measurement
stage will be ignored.
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Tracer

The Tracer SOP window shows details about the tracer used in the measurement.
Press Select to open the tracer manager window where the tracer to be used can be

selected.
. Mew SOP - Microrheology E@
File  Help
Qbck @ B HY D0
}_ Measuremert type: Microrheology Tracer Details
i Instrument configuration C ¥
ol MF-COOH-52156 | [Sstect]
Sample . n
: _’m Mominal Tracer Size (nm) 615 [ Edit
Material Material Melamine
Dispersant
Temperature Surface Chemistry Carboxylated
cel o
Measurement ke
Instructions
Advanced
.Tracer Manager |I|
Name __M_a?e_rial_ __I_»Jom_m_a\“Size {nm) :_Suljfa_oe Chemlstr'/
i MF-COOH-S% Melamine 1180 Carboxylated
- MF-CO0H-52|Melamine | 675|Catborylatod |
a 37004 Polystyrenelatex 707 Sulphonated
A 40114 Palystyrenelatex 1107 Sulphonated
p—r
QK Cancel
Settings Description
Select Highlight the tracer required and press OK. The Tracer SOP
will now be populated with the selected tracer.
Edit Enables the editing of the nominal tracer size.
Notes Add any additional information.

Measurement - Advanced

This window is the same as the standard size Measurement - Advanced, except
for the addition of the Acceptable zeta ratio (%) sctting.

Settings

Description

Acceptable zeta
ratio (%)

This is the acceptable ratio between the zeta potential meas-
ured for the tracer particles in dispersant alone, and of that
measured in dispersant and sample.
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New SOP - Microrhealogy = el |
File  Help
@Eack § @ d 'ﬂ L2)]

p Measurement type: Microtheology
i Instrument corfiguration

4 Aggregation Point

Optimisation Analysis Method Mutti-parameter Analysis
Sample = Cﬂrn.alahfs .
Tracer Logarithmic baseline Symmetric
Material LogMode Enabled
Bispersark Fast mode D!sab\ed
Tempertons Linear mode ) Disabled
cal 4 Measurement duration
Weasirenient Extend duration for \_a rge particles No
Instructions ‘ Tleasiu :Tm;: 5:':"“[5, J o
i, Frr— Acceptable Zeta Ratio (%)
it m Pesitioning method Seek for optimum position
Automatic attenuation selection ‘Yes

Acceptable Zeta Ratio (%)
The acceptable ratio between the zeta potential measured for the tracer particles and the buffer.

For a description of the other measurement parameters, refer to the Measurement
- Advanced description in the size SOPs section of the main user manual.

B For all other microrheology SOP windows, refer to the size SOP
section in the main user manual.

Microrheology measurement process

With the cell loaded into the instrument, and the SOP configured, a measurement
can be performed.

Overall to make a microrheology measurement, only one measurement is
technically needed - this is a size measurement that the software uses to calculate
the relaxation times, and therefore the viscosity and moduli values.

However, in order to get to this point, and in order to make reliable measurements,
the full microrheology measurement process consists of several basic steps, these
are described in the following paragraphs below. As the measurement progresses
through the measurement steps, the software will prompt instructions for the user
to perform where relevant.

Each instruction will involve a manual operation and the user must open the cell
area lid, perform the specified action, then close the lid again before continuing.

The process a microrheology measurement performs is shown in the optimization
stage of the SOP.
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Size measurement to monitor tracer and

Zeta potential measurement to study
sample scattering

sampleftracer interaction
Y %
Measure 2P and
size of tracer in |+ '-'l_Eﬂsure tracer
Bufler size in sample

o

Choosa different P s
tracer chemisiry particles

Is size
distribution
monomodal ?

=

Measure tracer
ZP in sample

KT/

Does the ZP
change more than
2557

— S

Prepare fresh
samplo in buffer
and measure jis

size

Microrheology

measurement

Sample preparation advice

The correct preparation of the tracer and sample elements for the measurement is
important to ensure that reliable and repeatable results are achieved.

The concentration of tracer samples used will depend to a great extent on the
concentration of your sample in the dispersant.

Following are some important considerations for the preparation.

Zeta potential measurements

For the initial tests of the zeta potential the following starting concentrations are
suggested.

B  Tracer in dispersant/buffer (or solvent) only
0.5ul tracer particles to 10ml sample (0.05ul/ml).
B Tracer in dispersant/buffer (or solvent) including sample
Add 10-100ul of the tracer in dispersant to 1ml of the sample in dispersant.

Start at the low end and increase the concentration if required.

Size measurements - to hide sample scattering

Size measurements are performed to check that the tracer particle's scattering
completely hides the sample scattering; therefore the size of the tracer particle
should be larger than the sample.
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The following starting concentrations are suggested.
B Tracer particles in measurement sample

Start with a few ul (up to about 5ul) of neat tracer to 1ml of sample. If more
tracer is required to hide the sample scattering, add 1ul at a time.

Alternatively; dilute 100wl in 1ml of buffer, filter using an appropriately sized
filter and add 5ul at a time if more probes are required to hide the sample scat-
tering.

m  Filtering

It is suggested that to get the most reproducible result, the tracers are filtered
with appropriately sized (i.e. filter size larger than the tracers) filter.

Size sample measurement - to check sample scattering visibility

During the measurement the software makes a measurement of the sample size,
then asks for tracer particles to be added. The size is re-measured and checked
against the original sample size measurement. If the sample scattering is still visible.
The software will encourage the user to add more tracer.

If there is too much tracer in the sample, it will become turbid and measurement
will be difficult. It is therefore important to use just enough tracer to mask the
sample but not put in so much that the sample becomes turbid.

Note

The measured size of the tracer may not be correct. This is because of the
viscosity of the sample and does not matter. The important point is that the
scattering from the tracer should hide the scattering from the sample.

Zeta potential - acceptable zeta ratio

Testing the difference in the zeta potential between the tracer and measurement
sample is important because large changes would indicate that the tracer particle
and the sample are interacting. With proteins, that could mean that the proteins are
adhering to the tracer's surface and therefore not only changing the tracer's zeta
potential but also the size of the tracer. The tracer then becomes part of the system
and directly influences the rheology.

Therefore to avoid this interaction the amount of sample added with respect to the
tracer must be controlled. This is done by measuring the sample zeta potential
measurement against the tracer zeta potential. The resultant measurement and
comparison must show that the sample measurement is within a set percentage of
the tracer measurement.

This comparison is termed the acceptable zeta ratio.
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For the microrheology measurement to measure reliably the acceptable zeta
ratio is 25% or less.

Note

3 It is important to note that stable dispersion of the tracer particles in the
sample may take some time. It has been noticed that with certain systems,
gentle mixing (for example using a sample roller) will help to disperse the
tracer particles, but that surface interactions can take several hours to man-
ifest themselves.

During the measurement this ratio is checked. If the ratio is acceptable the
measurement will continue; if not and the zeta potential ratio is more than 25%
different the software will advise.

There are two possible causes for the zeta potential shows significant differences
between the tracer and the sample / tracer systems.

B The tracer concentration is not high enough in the sample

If the tracer concentration is too low, the zeta potential result will be domi-
nated by the sample, not the tracer, adding more tracer particles and re-testing
can show if the difference is due to concentration rather than interaction.

B  The tracer and sample are interacting

If the tracer and sample are interacting, adding more tracer won't improve the
difference in zeta potential (unless so much is added that it completely domi-
nates the zeta potential measurement).

Measurement process

A full microrheology measurement consists of several steps. As the measurement
progresses through the measurement steps, the software will display instructions -
examples are shown in the following text. On pressing the Start button a dialogue
will appear indicating the first step to perform.

Pressing Next in the measurement dialogues will then move the measurement
onto the next step.
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(iomaton S 1013

WOLF EATEle,

ba e used during the

Cedl type requined ; Zeta dip ool (ZEN 1003}
Prepars & difed suspension of irmoer pavticles in appropdats bufer jor soleant) for

Next

Asuggesied starking poin is 5 of neal trecer particle suspension in 10ml of bufler
Load appropriate volume of diuted tacer suspension into a Teta potential capabls
e, and inerd ool inlo instrument

Thas first step measures the zeta potential and sipe of the trecer mabesial in the bufer
e

Clhick [eot to procesed with & zeta pobentisl measursment
Click Cancel to abort the measurement.

Zeta potential measurement to study sample/tracer interaction

Measure tracer zeta potential in dispersant/buffer (or solvent) alone

This is termed the tracer measurement.

Use a zeta potential cell.

B A zeta potential cell is filled with the dispersant/bufter, that is to be used in the
later microrheology measurement, and a diluted suspension of the tracer

particles is added.

B An initial measurement of the zeta potential and size of the tracer is then

performed.

- e

Tl bype recuined : Disposakile sizing cuvethe (DTS001Z)

The zeis potertisl of the particles in the iracer buffer has been messured
successiuly. The ned slep will measure the tracer particle size

Clicke Bleot to procesd with & site measunsenan
Chck Cancel b sbar the messunement
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The tracer size measurement is used later in the microrheology measurement
step. The tracer size needs to be measured to ensure the microrheology result
is as accurate as possible.

When finished a dialogue will appear indicating the next step to perform.

' Infermation [Step 2 of 5]
Cefl bype requered - Zetn dip cel (ZEN1002)

The tracer padicla sizs has basn mezsured a2 100 nm (damsted  The iracer paricla
sala polerdisl has baen measured B 501 my

Add = smal amound of bacer patscies 1o the prepared sampls. 10 a concentration
wmidar 1o thal ued in the diuted bufler suspansion

Ervsure the tracens ame well mimed, load inlo 8 eta polertial ool and then rserd the
el into the instument

Far relinbis micredhaclogy data, the Iracar paricles should not inberact oo sirengly
with the sample mabedal This shép lests this by meamring the bracer partice 2ets
potential in the presence of the sample, and comparing it to that in the buffer {or
solvent) only.

Click Mea to proceed with a zeta potential measurement .
Click Cancel to abort the measurement.

Next Cancel

Measure tracer zeta potential in dispersant/buffer (or solvent) including
sample
This is termed the sample measurement.

Use a zeta potential cell.

Prepare the sample to be used for the measurement, then add small amount of
tracer particles - do this at a concentration similar to that used in the previous
step.

Ensure the tracer and measurement sample are mixed.

A measurement of the zeta potential of the tracer in the measurement sample is
then performed.

Once this measurement is complete the software compares the two measured
zeta potential results and tests to see if sample measurement is within a set
percentage of the tracer measurement - this is the acceptable zeta ratio.

If the ratio is less than 25% the measurement process will continue to the next
step otherwise with a dialogue appearing indicating the next step to perform.

If the ratio is more than 25% the software will give sample preparation advice
and advise on repeating steps 1 and 2. Refer to the zeta potential - accepta-
ble zeta ratio section.
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Result{Step 3 of 5]
Cel bype reguired © Disposable sizing cuvette (DTS0012)

The zeta polertial in the presence of sampls dffers from the anagiral value in the
Enfler for seheart) by 0% This is within the set b of 25%

A smal relative changs in teta poterial in the presence of the sample ndcates
mirimal inberaction betwesen the sampds and bacer partcles, which is Bn essertial
condiion for reliable microdieology dats

Chick Mest to procesd with & sze measunemen .
Chick Cancel to abor the measunsement

e

Size measurement to monitor tracer and sample scattering
Measure size of measurement sample

Use a folded capillary cell or disposable sizing cell

B Prepare a fresh measurement sample and perform a size measurement.

B When finished a dialogue will appear indicating the next step to perform.

[r———

Cell type requred - Disposabie sizing cuvette (DT50012)

Add & emal amourd of tracer partcies 1o the prapared sampls - & suggested sating
poird i Syl of nest irscer padticls sisspension ta 500y of sampls

Ensure the iracers ane wel mixed, and load inlo 2 size measurement cell and then
st the: call inbo the nstnument

For relistis microdheciogy data; the scatensd Bght from the tracer padtides should
completely mask: the kght scallered by the semgle. This slep perfoams 2 size
msssreeTant b asnesa this condtion |

Chck Heot bo proceed with & size: measunsmen
Click Cancel to abort the measurement.

e

Measure size of measurement sample and tracer particles
Use a folded capillary cell or disposable sizing cell

Add a quantity of tracer particles to the measurement sample. Once done perform a
size measurement.
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With the measurement is complete, an intensity plot should also be displayed
showing one peak. The software compares the two measured size results and tests
for the following;:

B The size of the tracer particle should be larger than the sample particles

B The tracer particle's scattering should completely hide that of the sample
scattering. If the sample scattering is still visible the software will prompt for
more tracer to be added to the sample.

The tracer scattering must obscure the sample scattering by more than 90%, but
not so much that the sample becomes turbid, therefore making any subsequent
measurement difficult. When the software is satisfied with the comparison between
the two size measurements, the microrheology measurement can be started.

B A dialogue will appear indicating the next step (the microrheology
measurement) can be performed. Press next to start the microrheology
measurement automatically.

Resutt (Step 5 of 5|

Cell bype requened © Disposalbde sizing curvette (DTS00MT)

The siva disirbution shows only 1 pealk.

Thes suggesis that the signal from the sample has besn completaly maskoed by
seaitenng from the tracer partscles. The microdeclogy measinssent can now be
peformsd

Chck Meot 1o procesd wih a mcrotheoclogy measuremant
Cheke Cancel ba abor the measunseen

lext Cancel

Microrheology measurement

This measurement is a single size measurement from which the MSD and
rheological parameters are calculated.

The microrheology measurement display

The microrheology measurement displays are virtually identical to those shown
when performing a standard zeta potential or size measurement.

These standard tabs are explained in the main Zetasizer Nano user manual.

Page 5-16

MAN 0487



Microrheology

Chapter 5

Running only the microrheology test

The microrheology test can be run on it's own as long as the user is confident that
the other steps have been fulfilled to their satisfaction.

For example, if a range of concentrations of the same sample are being tested, the
zeta potential testing can be run once, on just a single concentration.

If the same tracer is being used, the tracer size can be measured once and the same
value can be set in the SOP by checking the edit box next to the nominal tracer size
and changing the nominal tracer size to the size that has been measured.

Mew SOP - Microrheology
File  Help

QBack @ R H A @

=5 [

)_ Measurement type: Microrheclogy Tracer Details
Instrument configuration MF-COOH-S2156 | | Select ‘
Optimisation
Sample : ; SR
] Mominzl Tracer Size (nm) 615 | Edit

Material Melamine

Dispersant
Temperature
Cell
Measurement
Instructions
Advanced

Surface Chemistry Carboylated

Notes

Displaying the microrheology
measurement report

To display a microrheology report, select a Microrheology group type
measurement record and then select the appropriate report tab. The report will
show all appropriate measurement information for that record.

Standard report - microrheology measurements

Once a microrheology measurement is completed there are a number of standard
reports available for reviewing the measurement results.
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These are:
B Microrheology: Correlogram and MSD (mean squared displacement).

B Rheological properties: Eta (Complex viscosity), G (Moduli), Creep
compliance.

Microrheology

MSD (mean squared displacement)

The mean squared displacement is a representation of the movement of the tracer
particles within the sample. A purely viscous (Newtonian) sample will show a
straight line.

Correlogram

The correlogram shows the base data from which the microrheology result is
calculated. The correlation function displayed is a measurement of the amount of
movement the probe particles make within the test sample over a range of
timescales.

Rheological properties

Eta (Complex viscosity)
This report shows the relationship of the complex viscosity to the shear viscosity
using the Cox-Merz rule.

This rule is generally only fully applicable for simple systems, and that the
differences between complex viscosity and shear viscosity increases as the sample
structure becomes more complex.

G (Moduli)

The Moduli tab shows the viscoelasticity of the sample, it shows two sets of data on
the chart - G/, the elastic (storage) component and G", the viscous (loss)
component.

In a microrheology measurement it is expected that the viscous component will be
dominant for at least most of the measured frequency range. This is because the
technique relies on the tracer particles being able to move and therefore produce a
correlogram.

For example; a gel system where the elastic component (G') is dominant for all of
the frequency range, will hold the tracer particles still within the gel matrix, which
means that the correlogram will be close to a flat line, and the MSD will be
effectively 0.

Creep compliance
Creep compliance is another way of viewing the viscoelasticity of a sample.
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A standard report (MSD)

The standard microrheology report, MSD (mean squared displacement) (M),
gives similar information as seen in a standard size and zeta potential report, plus
additional information relating to the microrheology measurement itself.

f@ Mean 5qua...
Sample Name: 1

S0P Name: mansettings.nano
Measurement Date and Time: 06 December 2011 11:51:44

File Name: MicroRheoData.dts Dispersant Name: \Water
Record Number: 12 Probe Name: MF-COOH-52156
Nominal Probe Size: G615 Probe Surface Chemistry: Carboxylated
Measured Probe Size (rnm): 3829 Relative Viscosity: 0.991
Temperature (°C): 25.0 Duration Used {s): 50
Count Rate (kcps): 599.0 Measurement Position {mm): 0.65
Cell Description: Disposable sizing cuvette Attenuator: 4

Mean Sguared Displacement

AT R R R R B R R R R

1.0-14

1.0-15

1.0-18

Mean Sguare Displacement (m™)

1.0-17

0.1 1 10 100 1000 10000

Time (ps)

Record 12: 1
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