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Outline

� Define nanoparticle
� Particle size analysis techniques
� Making nanoparticles
� Applications

� Micelles, liposomes, engineered
nanoparticles for drug delivery

� Other analytical techniques
� Fluorescence

� Zeta potential
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What is a Nanoparticle?

� Size range from approximately from 1- 100 nm

Particle size answer: “it depends..”
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Size Measurements

� Dynamic Light 
Scattering (DLS)

� Particle size 0.3 nm –
several µm
� Suspensions only

� Zeta potential
� MW, A2

� Laser diffraction
� Particle size 30 nm –

3000 µm
� Suspensions
� Powders
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DLS Optics
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Zeta potential 
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Particles moving
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motion
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DLS Measurement Principle
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Laser Diffraction

•Converts scattered light to 
particle size distribution

•Quick, repeatable
•Most common technique
•Low end: 30 nm
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Making Nanoparticles

� Top Down
� Make particles smaller

� Bottom Up
� Build from atomic or 

molecular level up

Self assembly of micelles

10 nm
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Top Down: Elan NanoCrystal® Technology
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Top Down: Elan NanoMill
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Size Reduction Measured on LA-950



© 2009 HORIBA, Ltd. All rights reserved.

Top Down: Microfluidizer*

* See http://www.microfluidicscorp.com/
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Ceria: Before, After Processing

Laser diffraction required for before sample
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Bottom-up Self Assembly: Micelles

Hydrophobic tail    Hydrophilic head

R                +/-
non polar             polar-c-h-c-h-c-h-
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Critical Micelle Concentration

Triton X-100

CMC

Experiment
1. Determine weight a drop from pipette
2. 10 mMol NaCl soln prepared in beaker w/stir bar 
3. Drops Triton X-100 were added, mixed 10 minutes
4. Remove small amount, measure by DLS  
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Curcumin- Casein Micelles*

*Sahu,et el, Fluorescence Study of the Curcumin-Casein Micelle Complexation and Its Application as a Drug Nanocarrier
To Cancer Cells, Biomacromolecules 2008, 9, 2905–2912

curcumin casein micelle

Particle size by DLS (insert), SEM (left), and AFM (right)



© 2009 HORIBA, Ltd. All rights reserved.

Curcumin- Casein Micelles*

Binding constant kb = 1.48 x 104 M-1

*Sahu,et el, Fluorescence Study of the Curcumin-Casein Micelle Complexation and Its Application as a Drug Nanocarrier
To Cancer Cells, Biomacromolecules 2008, 9, 2905–2912
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Insulin Nanoparticle Delivery*

*Luo; Y: et al, Study on a Nanoparticle System for Buccal Delivery of Insulin, 
Proceedings of the 2005 IEEE, Engineering in Medicine and Biology 27th Annual Conference
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Liposomes 

100 nm
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Liposome Size Reduction: Filter Membrane

Liposome particle size after 5 passes through 
a 100 mm membrane ~ 250 nm

Liposome particle size after 20 passes through 
a 100 mm membrane ~ 150 nm

Size reduced by passing
through 100 nm filter membrane
Measured by DLS
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Liposome Size Reduction: Microfluidizer

Unprocessed

Laser diffraction
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Liposome Size Reduction: Microfluidizer

Processed

Laser diffraction



© 2009 HORIBA, Ltd. All rights reserved.

Liposome: Before, After
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Magnetic Polymeric Liposomes*

Liang, X. et al, Development of monodispersed and functional magnetic polymeric
liposomes via simple liposome method Journal of nanoparticle Research, Vol 12, 
N 5, 1723-1732
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Nanoparticles for Drug Delivery: Bottom Up
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Nanoparticles for Drug Delivery

Targeting ligand provides 
recognition, enabling targeted 
nanoparticles to identify and bind 
to their intended target  site.
Surface functionalization shields 
targeted nanoparticles from the 
immune system.
Polymer matrix encapsulates 
payload molecules in a matrix of 
biodegradable polymers .
Therapeutic payloads include 
small molecules, peptides, 
proteins, etc. 
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Nanoparticles for Drug Delivery
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Laser Diffraction Results: D10, D50, D90
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D10          D50        D90  D100

10%
below

90%
below

50%
below

100%
below

Never use D100 
from laser diffraction
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Diffraction Results: D10, D50, D90
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D10          D50        D90D10                                                 D90

Central value the same
but D10 & D90 significantly
different

Symmetric distribution: mean = median = mode
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Asymmetric Distribution
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Mode<Median<Mean
if skewed to larger sizes

Note: D4,3 sensitive to large particles
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Volume Mean Diameter

• D[4,3] which is often referred to as the Volume Mean Diameter [ VMD ]

D [ 4,D [ 4, 3 ]3 ] ========
����
����

i i

i i

D n
D n

4

3

Setting a D [4,3]  specification will emphasize  the presence of large 
particles
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Nanoparticles for Drug Delivery

9 fold increase
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Proteins
Molecular surface of several proteins showing their comparative sizes.

Immunoglobulin G (IgG)

hemoglobin

insulin

adenylate kinase

glutamine synthetase
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�ÀProtein; Lysozyme
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Protein: Lysozyme

�&�R�Q�G�L�W�L�R�Q�V
�7�H�P�S�H�U�D�W�X�U�H�����������&���G�H�J�U�H�H
�6�R�O�Y�H�Q�W�����:�D�W�H�U
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Protein Reproducibility
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Protein Size

Temperature (C)
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Dendrimers

Repeatedly branched, roughly spherical large molecules

� Core
� Inner shell
� Outer shell
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Dendrimers

� Applications: typically involve 
conjugating other chemical species to 
the dendrimer surface that can function 
as detecting agents (such as a dye
molecule), affinity ligands, targeting 
components, imaging agents, or 
pharmaceutically active compounds
� Drug & gene delivery

� Sensors
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�ÀDDS materials; Dendrimer
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Dendrimers
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�ÀBio-sample; Vitamin B1
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Molecular Weight Measurement Principle
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calculated by scattered light 
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C = Concentration

Multi angle scattered light intensity measurement 
preparing diluted solutions of known  concentration.
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MW and A2 using One Angle

� Light scattering
independent of 
angle at very small
sizes (< 60-100 nm)

� Measure several
concentrations at
one angle to create
Debye plot

MW              A2
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Zeta Potential
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Zeta Potential: Emulsion
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Zeta Potential Standard

� Only standard is NIST SRM 1980

� Difficult to disperse

� Fund IFPRI to create another reference
material?
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Summary

� Both laser diffraction (LA-950) and DLS 
can measure nanoparticles

� Use diffraction when some samples > 1 
mm, but all > 30 nm
� Check lower limit of system used

� Use DLS when all < 1 mm

� DLS + zeta potential + moleculer wt + 
A2
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