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What we’ll talk about ly, HORIBA

B Intro to zeta potential

B Factors which build trust/distrust
B What to look for before measuring

B Evaluating measurements

HQ&A TR
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Starting point {y, HORIBA

B Instrument is fully functional 4

B Suitable sample for technology v
® Counters are classic example

N

B Stay current with free webinars ¥

® Particle size essentials,
method development, sampling &
dispersion advice, DLS and zeta potential
technology reviews
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General concerns {y, HORIBA

B \What is zeta potential? (webinar TE013)
¥ mDilution, DILUTION, DILUTION!
¥ MW Zeta potential result interpretation
vy~ WMAssess data quality

B How can z.p. be used
in conjunction with

particle size
(larger topic, IEP, etc.)
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Featured technologies (@ norma

HLA-950

Laser Diffraction

mSZ-100

Dynamic Light Scattering & Zeta Potential

B CAMSIZER & CAMSIZER XT

Dynamic Image Analysis

HPSA300

Static Image Analysis

HSA-9600

Flowing Gas BET Surface Area TRUST
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SZ-100: Dynamic Light Scattering

M Particle size: 0.3 nm — 8 um

B Zeta potential: -200 — +200 mV

B Molecular weight: 1x103 — 2x107 Da
M Patented ultra long-life

graphite electrodes S DletiCCl
M _owest total cost of SZ-100 series

ownership m-—j E  F
B Optional autotitrator "-‘_f,:f;r‘*-f_,_,.,::. \—
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What is Zeta Potential?  (» Hom=a

W Zeta potential is the charge on a particle at
the shear plane.

Shear plane +

+

Bulk liquid
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How do Surfaces Acquire Charge?

lonization of surface groups

COO H

COOH* H*

COO

-COO e+
-COO-

-COOH+ )
COO- H
COO- H*

COO

H+
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How do Surfaces Acquire Charge?

Specific adsorption of ions, e.g. ionic
surfactants

MM— H+ Anionic surfactant
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Why Zeta Potential? {y, HORIBA

B Good way of evaluating electrostatic stabilization
of suspensions

B Can use to predict interactions

N 40 — —_
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Emulsion IEP Study: Stability

100 coffee matg eta cell_0107.nsz
251 | Measurem sults
_80 Date : mardi 3 avril 2012 15:59:41
20~ Measurement Type : Particle Size
L = Sample Name . coffee mate pH 3 zeta cell
— Scattering Angle : 173
= —60 o || |Temperature of the holder 1248 °C
L 3 Run duration : 30 Seconds
I Representation of resuit : Scattering Light Intensity
104 —40 u Count rate : 1420 KCPS
| £ |[|Calculation Results
Pesk Mo. | 5.P.Ares Ratic tezn 5 0 hode
-0 1 077 201.6 nm 288 nm 201.59 nm
z 023 BES7nm | 1282nm | B854 n0m
= - MM == nm == MM
| Totzl 1.00 SEZ2.9 nm 2331 nm 201.9 nm
e L M Cumulant Operations
T 1000 10000 Z-Average 1 1282.7 nm
= Pl : 0.516
[
L
8
= 100 coffee mate eta cell_0094.nsz
i Measureme Its
_80 Date : mardi 3 avril 2012 15:34:25
Measurement Type : Particle Size
= Sample Name : coffee mate pH_8 zeta cell
— Scattering Angle 173
—60 v || |[Temperature of the holder : 248 °C
3 Run duration ; 60 Seconds
I Representation of result : Scattering Light Intensity
40 u Count rate : 1309 kKCPS
204 £ |[|Calculation Results
Peak Mo. | 5.P Area Ratio [EE] 5. 0. hods
—20 il q.00 2031 nm 161 mm 2028 nm
2 === MMM e u 11} e ul i1}
32 === MMM == i === M
Totzl 4.00 2021 nm AE.1 oo 2028 nm
8 S 1 S W 011} L R L Cumulant Operations .
0.1 1 10 100 1000 10000 Z-Average : 640.8 nm
Pl . 0.500
Diameter (nrm) <
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Factors creating trust {y, HORIBA

M Excellent repeatability, reproducibility
W Stable results over time

M Long lifetime parts

B Robust method (avoid finicky results)

M A bit of training to know what results to
expect when conditions change
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Precision = Confidence [z Hom®=A

B Real life situation: historic, reproducible
data is trusted data... though it may not
be accurate data

M |s the data actionable?
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Factors creating distrust (-, HORIBA

B Poor precision
® Resort to “cherry pick” data

® s it a regular practice to discard 10%+ of z.p.
results?

B Trending results
® Indicates changing conditions

M Replacing cell too often
® Ten measurements?

B Lack of technical support, —
customer care TIIISI
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Practical Tips &y, HORIBA

B Visual inspection
® Floaters?

B Minimum concentration
® Concentrate with a centrifuge

B Maximum concentration
® Dilute using supernatant (or similarly close)

® [ake care to match:

— Salt concentration

~pH s
— Surfactant concentration TRUST
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Dilution {y, HORIBA

B Avoid dilution if possible < simplest approach

M Don't dilute with DI water
® No ions, changes surface chemistry & ZP

M Best: equilibrium dilution with same liquid as
sample, but with no particles

® Use supernatant after sedimentation | |
or centrifugation b _

H Otherwise, dilute with 10 mM KCL
solution
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HORIBA

Eyeballing it
m Samples up to little bit cloudy are OK.

M Pick samples that are clear or just
slightly cloudy.
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Method validation {y, HORIBA

M Have existing method, does it produce
“good” data?

M Stress the method

® Measure at multiple pH values
® Measure at multiple concentrations

® Always! collect multiple samplings

® Reproducibility > challenge than
repeatability

® Evaluate with COV of chosen metric(s) - .
FRAsy
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Good zeta potential data?

e

ORIBA
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Zeta Paotential (m')
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HORIBA

Look at frequency data
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HORIBA

New ISO Standards

WWW.1S0.0r(g
International
Iso Organization for International Standards for Business, Government and Society | Search »»
v Standardization
m Products Standards development Hews and media About 150 Forl30 Members  FAQS  Fr|RuU g blin) o

S0 13099-1:2012
Colloidal systerns — Methods for zeta-potential determination — Part 1: Electroacoustic and

electrokinetic phenomena

|50 13099-2:2012
Colloidal systermns — Methods for zeta-potential determination — Part 2: Optical methods

|| 130/MP 13099-3
Methods for zeta potential determination — Part 3: Acoustic methods

@ Standards under development
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1ISO13099: Verification (. HOR®BA

H 8.2.1 reference Materials

M Be sufficiently homogeneous and stable for
the stated time and temperature range

B The accepted electrophoretic mobility value
was obtained by several operators and
rigorously proven.

B The material should be well documented In
terms of sampling procedure, dilution, if
required, and measurement protocol.
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ISO13099: Verification ~ (z HOm=A

W 3.2.2 Repeatability
B Prepare sample following provided procedure
B Measure same portion three times
B Pass if mean value CV <10%
® Assuming 2 x 10-8 m2/Ves

B Note: expect most customers to use zeta
potential values
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Calculate COV

M Liposome sample
M 6 repeats, 30 sec measurement, 5 sec delay

Friday,

Friday,

Friday,

Friday,

: Friday,
Friday,

Date Measurement Type | Sample Name | feta Potential (Mean)}{m\)
December 14, 2012 5:51:04 AM | Zeta Potential FSS Liposome -43 4

December 14, 2012 85220 AM | Zeta Potential FSS Liposome
December 14, 2012 85335 AM| Zeta Potential
December 14, 2012 8:54:51 AM | Zeta Potential

December 14, 2012 5:56:06 AM | Zeta Potential | FSS Liposome -44 4 |

December 14, 2012 8:57:39 AM | Zeta Potential

Average

COV =3.8% — .

36
30
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:
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1ISO13099: Verification (. HOR®BA

H 8.2.3 Intermediate Precision

B Same procedure as 8.2.2 but using different
portions of sample

B Pass if Repeatability; CV <15%
® Assuming 2 x 10—-8 m?/Ves
M Doubt this is done often

¥ In pharmaceutical industry intermediate
precision implies multiple systems, multiple
operators, different days
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HORIBA

Scientifig

Calculate COV

B Liposome sample, two samplings
W 12 repeats, 30 sec measurement, 5 sec delay

Date Measurement Type | Sample Mame | feta Potential (Mean)}{mi)
Friday, December 14, 2012 8:51:04 AM | Zeta Potential FS3 Lu:-::r;.c-me -43.4

—— > Friday, December 14, 2012 8:52:20 AM -44.2
M— 3 Friday, December 14, 2012 8:53:35 AM -46.2
— Friday, December 14, 2012 8:54:51 AM|Z -46.1
—_— 5 Friday, December 14, 2012 8:56:06 AM FSS Liposome -44.4
—  Friday, December 14, 2012 8:57:39 AM -41.7
— Friday, December 14, 2012 9:45:24 AM | Z -49.1
— Friday, December 14, 2012 9:46:41 AM 502
— 9 Friday, December 14, 2012 9:47:58 AM FSS Liposome -51.2
— Friday, December 14, 2012 9:49:15 AM | Z Fss LLpCh.:'.ChmEr -48.
— Friday, December 14, 2012 9:50:33 AM -51.5
2 Friday, December 14, 2012 9:52:08 AM| Z 48.6

A:‘r;?e COV = 63% — _4;;

JUUOULLLLLL
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Gold coated electrodes Carbon coated electrodes
(ruined)

Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific HORIBA




Degradation Test with BSAJ HORIBA
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Soft Nanoparticle

HORIBA
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Data taken from Technical Note 167 available at www.horiba.com/particle Tm
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1ISO13099: Verification (. HOR®BA

M 8.2.4 Trueness (accuracy)
B Prepare, measure same portion 3 times

M Pass if mean value within 10% of published
electrophoretic mobility value, assuming > 2 x
10-8 m2/Ves.

® Note: when calculating pass/fail criteria it is
OK to include the uncertainty of the sample

B Note: most customers use the zeta potential
value, not the mobility
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Instrument validation y, HORIBA

M |deally, run traceable standard

reference material(s)

BENIST SRM 1980 is candidate, but not
terribly popular

B Can run internal reference and/or
transfer “standard”
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NIST SRM1980 on SZ-100 [z, Homea

Pass criteria:
Mean within 10% of reference value
COV< 1 00/ (0] No.  Sample Name Izittamtim(mV) ﬂfﬁﬁf&p@ﬁi\fg

17 NIST SRM1980 334 0,000257

18 NIST SRM 1980 327 0,000252
19 NIST SRM 1980 32,5

Reference value e -
2.53 pm-cm/V-s e . s
+ 0.12 pum-cm/V:s

Mean 33,2 0,000256
S.D 0.7 0,000005
cov 2,1 1,9

Upper limit:

(2.53 + 0.12)*1.1 = 2.92 Q
Lower limit: :
(2.53-0.12)*0.9 = 2.17 7 &

Pass : / E\\

Zeta Potential (mV)
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Sources of Error {y, HORIBA

B Contamination from previous sample
B Poor sample preparation

M [nappropriate sample

M [nappropriate liquid medium

B Poor temperature stabilization

B Condensation on the illuminated
surfaces

M Too large a potential applied
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Sources of Error {y, HORIBA

M Particles, fingerprints or scratches on
the optical surfaces

M Incorrect entry of parameters by the
operator

M Air bubbles
® Cell coating damage

M |[nappropriate theory for calculating
zeta-potential from the measured
electrophoretic mobilit %

P 4 TRUST
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Summary {y, HORIBA

W Zeta potential is less well understood

B ook at the sample before
measurement

M (If possible) Know about the sample’s
chemistry before measurement

B Try to maintain sample integrity
M ook beyond the final z.p. result

B \When all else fails... minimize the
sample amount © TRUSE
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Thank you
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Particle Characterization Home + Scientific + Products + Particle Characterization

Environmental

Particle Characterization

HORIBA designs, manufactures,
and supplies state of the art
particle characterization
instruments:

Every instrument across the five

business segments must meet

stringent requirements before the

HORIBA name is attached. The Particle Characterization group of analyzers
_has incomorated this_orincinle into sach. new desian since entering the
business in 1979. Relentless innovation united with high performance to
attain the ultimate goal: a new standard in usability.

Particle Characterization Products

HORIBA offers instrurnents for particle size, particle shape, zeta potential, and
surface area analysis. Measurable particle size range is from 1 nanometer to
30 millimeters, at concentrations ranging from 1 ppm to 50 vol% with shape
determination available starting at 1 micrometer. A range of analytical
technigues are employed including laser diffraction (Mie Theory), dynamic light
scattering, acoustic and electroacoustic spectroscopy, and dynamic and static
image analysis. (measuring both paricle size and shape information).

HORIBA's advanced designs and powerful software, combined with flexible
sample handling systems are available to meet every analysis need. These
instruments can incorporate small volume pumping systems for precious
materials, high throughput automation, dry powder dispersers and
temperature controlled flow systems in order to provide the user with the best
possible solution with none of the trade-offs that might otherwise be
necessary.

Particle Size

o Laser diffraction
o LA-950V2
o LA-300

o Dynamic light scattering
a 57-100
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