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Colloid Definition

Two phases: 
•Dispersed phase (particles) 
•Continuous phase (dispersion medium, solvent)  
May be solid, liquid, or gaseous 
Size range 1 nm – 1 micron
High surface area creates unique properties

(suspension)
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Nanoparticle Definition

SSA = 6/D

50 nm

D from SEM ~50 nm
D from SSA ~60-70 nm
D from DLS ~250 nm
So: is this a nanoparticle?

ultrasound

Used ultrasound to disperse
to primary particles or use
weak acid to break bonds
D from DLS ~50 nm

Nanoparticle: size below 100 nm
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SZ-100: Nanoparticle Analyzer
 Size: .3 nm - 8 µm

 90° and 173°
 Zeta potential: -200 - +200 mV

 Patented carbon coated electrodes

 Molecular weight: 1x103 - 2x107 g/mol
 Optional titrator

•Nanoparticles
•Colloids
•Proteins
•Emulsions
•Disperison stability
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Dynamic Light Scattering

Particles in suspension undergo Brownian motion due to solvent molecule
bombardment in random thermal motion. ~ 1 nm to 1 µm

Particle moves due to interaction
with liquid molecules
Small – faster
Large - slower
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SZ-100 Optics

Particles

Zeta potential 

Backscatter (173°)
(High conc.)

90° for size and MW, A2

Laser

Modulator

PD
For T%532nm, 10mW

Attenuator

Attenuator

Particles moving
due to Brownian
motion
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SZ100 Measurement Principle
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q: Scattering vector η: Viscosity  
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Zeta Potential

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

 + ions attracted to – ions, 
builds electric double 
layer

 Slipping plane: distance 
from particle surface 
where ions move with 
particle

 ZP = potential (mV) at 
slipping plane
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Zeta Potential: Measurement

 Apply electric field
Measure particle 

motion
Direction tells + or –
 + particles move to –
 - particles move to +

 Speed tells amplitude
Get speed from 

frequency shift from 
motion of particles

distance

-
measurement zone
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Zeta Potential Measurement
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Measurement Details

First measure conductivity
Then decide applied electric field
Auto or manually

Reverse electric field to avoid 
polarization & electroosmosis
To avoid electroosmotic 

effect near cell walls
“Uzgiris” type cells avoid 

this problem
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Zeta Potential Predicts Stability

Different guidelines

+30 mV

0 mV

-30 mV

stable

stable

not stable

positive zp

negative zp

Sample Dependency

 Oil/water emulsions > 10 mV
 Polymer latices > 15 mV
 Oxides > 30 mV
 Metal sols > 40 mV
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Colloidal Gold: Not so New

 Lycurgus cup 4th century AD
 Faraday experiments in 1857 

“Experimental relations of 
gold (and other metals) to 
light”

Mie in 1908 “Contributions on 
the optics of turbid media, 
particularly colloidal metal 
solutions”
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Applications: Colloidal Gold

Some properties change with 
size*
Electronics
Sensors
Probes
Diagnostics
Drug Delivery
Catalysis

Red           Blue

*graph from to Cytodiagnostics.com
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Gold Nanoparticles In Use
 Pregnant women have 

excess of hormone HcG*
 HcG binds to 

complementary DNA 
base pair sequence

 That lock for HcG key is 
attached to gold 
nanoparticles

 Those gold nanoparticles 
reflect light of specific 
color

 If HcG detected: line 
reflects red

*human gonadotropic hormone
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●Nano-materials; Gold colloid
Au Colloid RM8011(10 nm), 8012(30 nm), 8013 (60 nm)

Hydrodynamic Dia. 13.5 nm, 32.4 nm, 58.4 nm

Z ave. (nm)

RM8011 13.0

RM8012 32.0

RM8013 58.0

Gold Nanoparticle Standards

Conditions
Temperature; 25 C degree
Solvent; Water
Refractive Index; 1.333
Distribution base; Scattering light
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NIST Gold Nanoparticle RMs

10 nm

30 nm

60 nm
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ASTM Interlaboratory Study RM 8011
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NIST Colloidal Gold

Technique Size nm
Atomic Force Microscopy 8.5 ± 0.3
Scanning Electron Microscopy 9.9 ± 0.1
Transmission Electron Microscopy 8.9 ± 0.1
Differential Mobility Analysis 11.3 ± 0.1
Dynamic Light Scattering 13.5 ± 0.1
Small-Angle X-ray Scattering 9.1 ± 1.8

Technique Size nm
Atomic Force Microscopy 24.9 ± 1.1
Scanning Electron Microscopy 26.9 ± 0.1
Transmission Electron Microscopy27.6 ± 2.1
Differential Mobility Analysis 28.4 ± 1.1
Dynamic Light Scattering
173º scattering angle 28.6 ± 0.9 
90º scattering angle 26.5 ± 3.6
Small-Angle X-ray Scattering 24.9 ± 1.2

Technique Size nm
Atomic Force Microscopy 55.4 ± 0.3
Scanning Electron Microscopy 54.9 ± 0.4
Transmission Electron Microscopy 56.0 ± 0.5
Differential Mobility Analysis 56.3 ± 1.5
Dynamic Light Scattering
173º scattering angle 56.6 ± 1.4
90º scattering angle 55.3 ± 8.3
Small-Angle X-ray Scattering 53.2 ± 5.3

8011
HORIBA Average St dev
Sample 1 13.4 nm 1,8
Sample 2 12.6nm 1,9
ASTM Z ave st dev
Combined 15.8 nm 4,2

8012
HORIBA Average St dev
Sample 1 31.5nm 3,9
Sample 2 32.4 nm 5,9
ASTM Z ave st dev
Combined 31.2 nm 3,6

8013
HORIBA Average St dev
Sample 1 57.6 nm 3,5
Sample 2 58.4 nm 3,9
ASTM Z ave st dev
Combined 59.8 nm 5,0

SZ-100 Results

NIST Certificates
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Colloidal Gold, Real World Data*

*thank-you to Cytodiagnostics, www. cytodiagnostics.com
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Colloidal Gold Real World Data*
Zeta Potential

*thank-you to Cytodiagnostics, www. cytodiagnostics.com
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Colloidal Gold for Sale
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Colloidal Gold, Real World Data *

* Un-named customer at their request
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Colloidal Gold: Drug Delivery*

 Cancer therapy delivers drug 
to all rapidly dividing cells

 Prodrugs delivered in inactive 
form 

 Once delivered, metabolized in 
vivo into active metabolite

 Study: Immobilize prodrug 
activating enzyme onto 
colloidal gold particles

 Enzymes: genetically modified 
nitroreductase from E. 
coli;NfnB and Cys-NfnB

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

D

enzyme

tumor cell

D
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Colloidal Gold: Drug Delivery*

Start with 50nm gold particles
 Incubate with varying molar equivalents 

(90:1, 180:1, 270:1,360:1, and 450:1) of 
purified recombinant Cys-NfnB or His-
NfnB overnight at 4C
Analyzed on SZ-100 for particle size 

and zeta potential

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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Colloidal Gold: Drug Delivery*

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

 Base particle 
Size 51 nm
Zeta potential  - 52 mV

 NfnB ~ 5 nm
 Combined ~ 60 nm

less ordered

more ordered
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Zeta Potential Cells

Gold coated electrodes (ruined)          Carbon coated electrodes

Lysozyme protein                             800 measurements with one cell

Lysozyme pH 4
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Resources: www.horiba.com/particle

View application notes,
webinars, etc.

Receive news of updates


