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Colloids Definition HORIBA

Two phases:
eDispersed phase (particles)

eContinuous phase (dispersion medium, solvent)
May be solid, liquid, or gaseous

Size range 1 nm - 1 micron

High surface area creates unique properties

Dispersed Medium

Gas Liguid Solid
Gias NONE Liquid Aerosol Solid Aerosol
{All gases are mutually miscible) Examples: fog, mist, clouds Examples: smoke, air particulates
) o Foam Emulsmn _ Sol  (suspension)
Continuous Liguid Examples: whiooed crean Examples: milk, mayonnaise, hand Examoles: paint. piamented ink
Medium Pl cream ples: paint. pig ~
Solid Foam Gel Solid Sol
Solid | Examples: aerogel, styrofoam,

Examples: cranherry glass, ruby

Examples: gelatin, jelly. cheese, opal
glass

pumice
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: . HORIBA
Colloid or Nanoparticle?

® Colloid: 1 nm -1 pm
® Nanoparticle: 1 — 100 nm

B So a suspension of 50 nm gold particles in
water: colloid or nanoparticle?

B Both, mostly terminology

B Also hear “nanocolloid, nanoparticle
colloid...” (<100 nm)

MESOGOLD® - NANOPARTICLE COLLOIDAL GOLD

—— Price:
P el
— Availability:
— Model:
- Average Rating:
00l o

ko LN U
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: HORIBA
Nanoparticle or Not?

SSA = 6/pD

ultrasound E

D from SEM ~50 nm Used ultrasound to disperse
D from SSA ~60-70 nm to primary particles or use
D from DLS ~250 nm weak acid to break bonds
So: is this a nanoparticle? D from DLS ~50 nm
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HORIBA

Stability
® Want stable e 7 good
dispersion °6%_ %0 o
M Either suspensions or _,__ ;“ °D°c\ .
emulsions %, B
B Suspensions g@ Pac
sediment & flocculate
B Emulsions phase R
separate, creaming good
or coalescence coalescense { creaming
bad
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Measuring Stability
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Stabilization RS

B Steric stabilization: coat

surface with polymers P ~
B Particles can't touch so . N\J

they don’t interact

B Electrostatic
stabilization: alter
surface chemistry to put
charge on particle
surface

B Repel like magnets

- ————

.....
- [
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. HORIBA
Zeta Potential

W If surface has + charge,
then - ions attracted to
surface

M + jons attracted to — ions,
builds electric double
layer

M Slipping plane: distance , ,
from particle surface 7
where ions move with negatively charged——>
partlcle patticle surface

m /P = potential (mV) at
slipping plane

F—— slipping
' plane

é zeta
- potential
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Zeta Potential
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Stablility Theory

HORIBA

Electrostatic Stability (DVLO)

B Approaching particles undergo two forces
® Van der Waals attraction (Vvdw)
® Electrostatic repulsion (Ver)

M Total energy = balance of two
® Vtotal = Vvdw + Ver

Steric Stability

B Approaching particles undergo two forces
® Van der Waals attraction (Vvdw)
® Forces from adsorbed polymers (Vster)

M Total energy = balance of two
® Viotal = Vvdw + Vster
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Total Interaction Energy Curve: pvLO PR

Secondary minimum
e Flocculation
e Reversible

Distance between particles

P
(@)
el
()
c
]
@©
i}
o
—

Primary minimum
e Coagulation
e Permanent

Important parameters:

e 1/K Debye Length, double layer thickness: depends
on concentration

e a particle size
e (  surface charge
e A Hamaker constant, nature of particle
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Zeta Potential

HORIBA
- Measurement

® Apply electric field

B Measure particle
motion

M Direction tells + or —
® + particles move to —
® - particles move to +

W Speed tells amplitude

® Get speed from
frequency shift from
motion of particles
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Zeta Potential Measurement

| |i Mobility
u U — ﬁAVd
rowe 2Ensin(6/2)
«—0O +O
[ U]

N —y Zeta potential

3U- 7
Particle motion causes Doppler shift C —

Frequency —— mobility | Dee f (ka)
Mobility = —— zeta potential
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Measurement Results HORIBA

ePolystyrene Polymer Micro spheres: 500nm (100ppm)
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Average value of zeta potential from three times measurements

SZ-100 | Other
411 mV. -39.5 mV
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_ HORIBA
Measurement Detalls

B First measure conductivity

B Then decide applied electric field
® Auto or manually

M Reverse electric field to avoid
polarization & electroosmosis

B To avoid electroosmotic effect

near cell walls _Q%@%%%%@ -

®“Uzgiris” type cells avoid this g >
prObIem @é‘;ﬁ;;;@ """"""""

7 &8 B8.ae 77
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Zeta Potential Cells

b :

Gold coated electrodes (ruined) Carbon coated electrodes
20 0
15 h\ > —— Sample 1
\ E  -40- —— Sample 2
3 ~ R
. D 2 4 6 8 10 \\K 14 "g _120_
M N
- pH -160 I I I |
0 200 400 600 800
] Run Number .
IEP 3.4 nm protein 800 measurements with one cell
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Thin vs. Thick Double Layer HORIBA

3J-
¢ -3V

- 2&+(f (ka)

Debye length = x'! EDL thickness

THIN DOUBLE LAYER Debye length

‘particle diameter

Huckel Smoluchowski
xa=1 ka>>1

a<<l1
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SZ-100 Software

M Default is
S m Ol u C h OWS ki Sample Information Particls/Dispersion Medium Measurement] Cell ] Ealculatian] Heparts] Automatic 5 ave

Select dizpersion medium, matenal and other zample properties

. S e I e Cti O n fo r Particle © moho-polystyrens

Sample List |
Digpersion M edium o Wwater Dispersion Medium List |
. Refractive Index of the © 1333
r e n te r Dispersion Medium
Wizcozity of the Dizpersion - M =[26325758 » 108 ]T4 -[ 3103169 % 10% ]T3

Medi _ oy
manually for s
Other mOdel Temperature -

Dielectric Constant o Er=[-1.410000 % 10°8)T% + [ 2.095200 2 10372
- 1.2291007 + | 2.958800 = 104

Henry Coefficient b arwal ~| |?5|
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Zeta Potential Predicts Stability

Different guidelines
positive zp

Istable Sample Dependency

= Oil/water emulsions > 10 mV
= Polymer latices > 15 mV

= Oxides > 30 mV

= Metal sols > 40 mV

0 mV _not stable

Istable

negative zp
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HORIBA

Zeta Potential: Emulsion Isoelectric Point (IEP)

Isoelectric point:
pH where zeta
potential = 0

. IZe:ca potentlall mV
B LEEEBVco885Z3

10
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Automate IEP
studies with
auto titrator
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HORIBA

Emulsion IEP Study: Stabllity

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.B nm 288 nm 201.9 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 : 1282.7 nm
= Pl : 0516
[
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
s o
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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. HORIBA
IEP of Some Materials

alpha aluminium oxide AI203 8-9
. An Oth er use Of I E P iS to alphairon (lll) oxide (hematite) Fe,O4 8.4-8.5
antimony(V) oxide Sb,05 <04t01.9
= cerium(lV) oxide (ceria) CeO, 6.7-8.6
characterize the surface chromium (i) osde (chromia) Cri0y | 6.2-6.1
- copper(ll) oxide CuO 95
of Complex parﬂcles delta-MnO2 1.5, beta-MnO2 7315)
gamma aluminium oxide Al203 7-8
. = gamma iron (lll) oxide (maghemite) Fe,O; 3.3-6.7
. TIOZ COated Wlth iron (Il, ) oxide (magnetite) Fe;O, 6.5-6.8
. . lanthanum (lll) oxide La203 10
alum”’]a W|I| have the lead(ll) oxide PbO 10.7-11.6
magnesium oxide (magnesia) MgO 9.8-12.7
I E P Of al u m I n a m_anganes_e(lv) (_)xide MnO2 4-5
nickel(ll) oxide NiO 9.9-11.3
silicon carbide (alpha) SiC 2-3.5
silicon dioxide (silica) SiO, 1.7-3.5
silicon nitride Si3N4 6-7
silicon nitride SizN, 9
tantalum (V) oxide, Ta,O5 2.7-3.0
thallium (l) oxide TI,0: 8
tin(IV) oxide SnO, 4-55
titanium (IV) oxide (rutile or anatase) TiO, 3.9-8.2
tungsten(VI) oxide WOg 0.2-0.5
vanadium (V) oxide (vanadia) V,Osg 1to2
yttrium (Ill) oxide (yttria) Y,O45 7.2-8.9
zinc oxide ZnO 8.7-10.3
zirconium (IV) oxide (zirconia) ZrO, 4-11
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) HORIBA
Salt Concentration Effect

/ _,-d"""# /]
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The effect of electrolytes (ppm) on {-potential of a colloidal dispersion
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HORIBA
Surfactant Concentration Effects

a 46 ——————————————————— : 0
44 . Spherical glass particles o . 3“’\ . u.::.;.:;
- ' \ 1 -
42 | % v N - WxeOun
S oan b g \ .}\\‘
E é 0 4 ‘ W e
38 . AN, A .
| 5 401 ’o*":\- '.H
36 | Exnar: “—w "/ < “:
L .?{PET'I]TIETI[ \ d
34 [ Best fit 01 g o
37 P RS R TSR T T : . £0 4 v v - v
2 ' e 5 W
0 | 2 3 4 oH
Cls (MM}
Surfactant concentration vs. ( pH, surfactant concentration

Alter the surface chemistry - alter the zeta potential
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- . HORIBA
De-stabilization

M Can also use zeta potential

£ 0
to study how to cause -
Instability € 4o- —
B Example: water treatment & 1 ¢/ == ovesum
. 10°° 107 10° 10°
. Add qumlcals to IEP mg reagent per mg clay suspension
B Particles flocculate
M Easier to filter 2 e
5 40-
sg 1 o

ppm coagulent solids (w/w)
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Applications: Colloidal Gold

M Stable base particle
M Used in drug delivery
M Attach proteins, DNA, etc. to surface
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Colloidal Gold: Drug Delivery

Particle size and zeta potential for colloidal gold base particles
(average size 51 nm prior to modification) after immobilizing
a prodrug activating enzyme onto the surface at different
concentrations.

Molar ratio of enzyme to gold colloid
90:1 | 130:1 270:1 360:1 450:1
His-NfuB- Size (mm)
53.5 573 82.6 69.7 54
gold eolloid
Zeta-potential (mV) -43 -31.7 -30.7 -33.3 -30.4
Cvs-NfnB- | Size (nm) Data generated on SZ-100
56.3 59.8 61.1 69.8 69.7
gold eolloid
Zeta-potential (mV) -23.4 | -253 -26.0 -27.7 -34.2

Colloidal Gold Modified with a Genetically Engineered Nitroreductase: Toward a Novel Enzyme Delivery System for
Cancer Prodrug Therapy

Vanessa V. Gwenin, Chris D. Gwenin, and Maher Kalaji

Langmuir, 2011, 27 (23), pp 14300-14307
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HORIBA

NIST Colloidal Gold

I",ﬂ

NIST Certificates

Technique Size nm
Technique Size nm Technique Size nm Atomic_: Force Micros.copy 5.4 0.3
Atomic Force Microscopy 8.5 + 0.3 | Atomic Force Microscopy 24.9 + 1.1 Scanning Electron Microscopy 54.9 £ 0.4
. . " Scanning Electron Microscopy 26.9 £ 0.1 Transmission Electron Microscopy 56.0 + 0.5
Scanning Electron Microscopy 9.9 £ 0.1 | '1ransmission Electron Microscopy 27.6 + 2.1 Differential Mobility Analysis 56.3 + 1.5
Transmission Electron Microscopy/8.9 £ 0.1 Bifferer']tiaL! h:‘ct)tglit;;tAqalysis 284 £ 1.1 Dynamic Light Scattering
Differential Mobility Analysis 11.3 £ 0.1 ynamic Lig cattering :
b < Liah Y Anay 13.5 + 0.1 173°scattering angle 28.6 + 0.9 173° scatte.rlng angle 56.6 £ 1.4
ynamlc Ig t Scatterlng . : 9(Qo© scattering ang|e 26.5 £ 3.6 900 Scatter|ng angle 55.3 £ 8.3
Small-Angle X-ray Scattering 9.1 £ 1.8 | |Small-Angle X-ray Scattering 24.9 £ 1.2 | Small-Angle X-ray Scattering 53.2 £ 5.3
SZ-100 Results
8011 8012 8013
HORIBA Average St dev HORIBA | Average Stdev HORIBA Average Stdev
Sample 1 13.4 nm 1,8 Sample 1 31.5nm 3,9 Sample 1 57.6 nm 3,5
Sample 2 12.6nm 1,9 Sample 2 32.4 nm 5,9 Sample 2 58.4 nm 3,9
ASTM Z ave st dev ASTM Z ave st dev ASTM Z ave st dev
Combined 15.8 nm 4.2 Combined 31.2 nm 3,6 Combined 59.8 nm 5,0
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Frequency (%)

Freguency (%)

Explore the future

L% Other Colloidal Metals

HORIBA

number mean = 2.4 nm

Col

v e ] L
1 10 100 1000 10000

Diarmeter (hm)

loidal silver

number mean = 23.9 nm

40+

30+

204

10+

| | | ' e
1 10 100 1000 10000

Diarneter (nrm)

palladium

Freguency (%)

Fregquency [%)

number mean = 9.6 nm

30
204
=50
10-
0’ | ' e R | | v
0.1 1 10 100 1000 10000
Diameter (hm)
number mean = 4.2 nm
40
20 =50
0+ B | ' | B | B | rorrrane
0.1 1 10 100 1000 10000

Diameter (nm)

nickel

Freguency [&)

Freguency [%)

30

number mean = 3.4 nm

10+

0-

0.1

10 100 1000 10000

=

Diameter (nm}

platinum

number mean = 6.0 nm

40

201
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Diameter (nm)
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. . HORIBA
Colloidal Silica

: i o BPA . 2.0183E +5[emt/ent

B Possible reference | S oo S Mean Sie n.nzsan[u[;?T e
: : | ari . 5.0313E-Efunt
material for both size and — Mietion Size 00301 )

Mode Size  : 0.0302[pm)

zeta potential = Skewness  -0.2901

B Ludox TM size analyzed
on both SZ-100 and
LA-950

M Ludox zeta potential can
be used to verify zeta
potential

B [RMM has issued silica
colloidal reference
materials ERM-FD100
(20 nm) & ERM-FD304
(40 nm) w/zeta values

L

Results

Z g, (i 40.4

8 8 8 8 3§

.o 3 &5 8 OB

=k

1 0 10 10w 10000

-

238883 ITESR

Result
Mokility (e o5y | -3T2
Zeta Potential (mi) -31.8

450 00 50 0 50 100 150 200
Zeta potental (m)
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HORIBA

New* ISO Standards

®m |SO/CD 13099-1 Methods for zeta potential
determination — part 1: General Principle

m |SO/CD 13099-2 Methods for zeta potential
determination — part 2: Optical Methods

B [SO/NWI 13099-3 Methods for zeta potential
determination — part 3: Acoustic Methods
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ISO Guidelines: Dilution

M Try to avoid dilution

M Don’t dilute with DI water
® No Ions, changes surface chemistry & ZP
M Best: equilibrium dilution with same
liguid as sample, but with no particles

® Us supernatant after sedimentation or
centrifugation

B Otherwise, dilute with 0.01 M KCL
solution
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ISO Guidelines: Verification

B No accepted standards, each vendor

supplies

reference samples

M Measure three times, mean value within
10% of published electrophoretic
mobility value

B Repeata
B Note: ex

nility; CV <10%

Dect most customers 1o use

zeta potential values
M |f system Is within 12%, don’t lose sleep

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

M Particle size, zeta potential, chemistry all
related for colloidal suspensions

B Use zeta potential as a predictive tool for
stability

M Alter surface chemistry, does zeta
potential improve?
® pH, salt, surfactant, etc.

M |[EP useful for both stability and surface
definition
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Resources: www.horiba.com/particle

b Choisissez un pays ou une zon
-

Automotive Test Process & Medical Semiconductor Scientific All Segment
Systems Environmental Product Browser
Products Warkets & Industries Service & Support News & Events Newsletter AboutUs Employment Feedback

Particle Characterization Home + Scientific + Products + Particle Characterization

instruments: - Quick Request

3 -
Surface Area Analysis !

w
A Every instrument across the five i ( m (/\
pplications oy

business segments must meet
stringent requirements before the
HORIBA name is attached. The Particle Characterization group of analyzers Particle Size
Bibliography .has incomorated this orincinle. into sach. new desian since antering the Fssentials .
business in 1979. Relentless innovation united with high performance to

attain the ultimate goal: a new standard in usability.

- ]
7 e Request Information
4 Particle Size Analysis Particle Characterization %
4 Particie Shape Analysis HORIBA designs, manufactures, (\
and supplies state of the art
4 Zeta Potential Analysis particle characterization 4

[N

[N

S

Technology

[

4 Request Information

4 Dowmload Center Particle Characterization Products

o
HORIBA offers instruments for particle size, particle shape, zeta potential, and Newsletter h -
surface area analysis. Measurable particle size range is from 1 nanometer to - Re Ce I Ve n e W S Of u d a te S
30 millimeters, at concentrations ranging from 1 ppm to 50 vol% with shape

determination available starting at 1 micrometer. A range of analytical

techniques 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 [ Moreinfo | « h VI e W a p p | I Ca tl O n n Ote S ,

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 Member login W e b I n a rs etc
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 Please enter your e-mail address

and password in order to login on to

Download Center

necessary.
www.horiba.com. We may ask you
Particle Size later to answer additional questions
o Laser diffraction if you are the first time to this area
o LA-950V2
E-Mail D
o LA-300
Address:
o Dynamic light scattering Password:
a 57-100

Login

Explore the future Automotive Test Systems | Process & Environmental | Medical | Semiconductor | Scientific HORIBA

© 2012 HORIBA, Ltd. All rights reserved.




] HORIBA
For More Details

Visit
Contact us directly at

Visit the to find this recorded
presentation and many more on other topics

Thank=you
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