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NanoSight’s Technology

As the schematic below shows, the NanoSight
technology comprises:

* aproprietary optical element

* illuminated by specially configured laser
beam

4

Particles scatter
laser beam

Microscope \

Particles to be viewed are

suspended in liquid

Laser beam
(approximately 50um wide)

\ Glass/

Metallised Surface /
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Above: the laser as seen at low
magnification

Below: the NanoSight Viewing Cell




NanoSight LM20 in Practice
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Load sample Insert unit Observe nanoparticles!
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The NanoSight System in Action

NANOSPAINCONF2010

View of beam passing through sample and zooming into
desired field of view.

Region at which illumination
beam emerges into sample

—

+<— Border of sensing zone

Region of “
INEIGEN

«— Optimal viewing region
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An immediate Visualisation of Particles

NANOSPAINCONF2010

* An idea of the presence,
size, polydispersity and
concentration of
nanoparticles can be
obtained immediately on
loading of sample

* This TiO2 sample shows
clear polydispersity

* The particles sizes are
approximately 60 nm to
800 nm

Titanium Dioxide (in water)

AN éf?




Nanoparticle Tracking Analysis

NANOSPAINCONF2010

Nanoparticle Tracking Analysis (NTA) measures particle size by video tracking,
simultaneously, many individual particles.

This results in a particle size distribution of high resolution, particle
concentration and an ability to include additional particle characteristics such

as relative light scattering intensity or fluorescence.

Nanoparticle Tracking Analysis

Y/
NgZ




Principle of Measurement

* Nanoparticles move under
Brownian motion

* Small particles move faster than
larger particles

 Diffusion Coefficient can be
calculated by tracking and
analysing the movement of each
particle separately but
simultaneously.

* Through application of the Stokes-
Einstein equation, particle size
can be calculated

* Scattering or fluorescence
properties of particles are also
measured

* Particle concentration/number
can be estimated
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NTA Sizing... is an Absolute Method

e Brownian motion of each particle is followed
in real-time via video

e Video analysis software measures mean ((—Q
square displacement in two dimensions = — Yo Dt
diffusion coefficient (D,) 4
e Particle diameter (sphere equivalent TK
hydrodynamic) d is then obtained from the —— Dt = 3 Bd
Stokes Einstein equation )
Kg = Boltzmann Constant
| e
e NTA s an absolute method therefore no user ?=¥ano;g¥ofure

calibration is required
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Particle Siz

An immediate
idea of sample
concentration
and size is gained
in seconds

A live view of
progress ensures
optimal analysis
is maintained
until stable size
distribution
profile is
obtained

zing in Action
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NanoSight provides a visualisation of the Ilght
scattered by nanoparticles -
this is not a resolved Image of the Particles

* Particles are too small to be imaged
by microscope

* Small particles are visualised as
point scatterers moving under
Brownian motion

* Larger particles scatter significantly
more light

100+200nm polystyrene in water

V4
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Particles are Counted and Concentration is measured

« Particle distribution displays a
number count vs. parficle size*

« The particle concentration by user-
selectable size class is provided

¥ HanoSight HTA: C:\Documents and Settings\My Documents\Manovideost100+200.avi  PARTICLE SIZE: 196
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NANOSIGHT

*(Size is not intensity weighted, as in Dynamic Light

Scattering) \\%,//
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NTA Detection Limits g

/ Size \ / Concentration \
Minimum Size limit is related to: Minimum concentration is related to:

« Particle size .
«  Material type
«  Wavelength and power of illumination

Poor statistics (Requiring longer analysis time)

source
«  Sensitivity of the camera 106/ |
s aApprox m
. 10 - 40nm PP
Maximum Size limit is related to: Maximum concentration is related to:

* Limifed Brownian mofion + Inability fo resolve neighboring particles

* Tracks too short before crossing occurs

\ « 1000-2000nm / \ . approx10‘°/ry
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3D Plots (size v. intensity v. number) ¢

NANOSPAINCONF2010

2D size v. | 2D size v.
number 'L intensity

a Drift Velocity: 246nmis
O nnvs

inWidth: 4nm AN | = .
X Axis Scaler verall; Onny
o 3D size . IntenS|ty
Video Size: 640 x 480 30.00fps Sequence Length: 1800 of 1800 frames Processing Frame: 1799
Corrpletad Tracks: 866 of 15435 0
C

alibration: 166nmipixel  ShutterA/B:69/600 USERLINES: 150,298 MEAN: 150 [deal 105nm sd 15, 199nm od 24
ncentration: 17.61 particles = 3.63E8 particles/ml  Selected Con: 8.14 particles = 1.68E8 particles/ mi

NanoSight has the unique ability to plot each particle’s size as a function
of its scattered intensity

NV




Scattered Intensity — An Additional Varlable

NANOSPAINCONF201D

* The ability of NanoSight
to plot nanoparticle size
against |, allows high
resolution plots to be
obtained from samples

J0[0) in which such
dimers? information may be lost

100’'s in a single plot of

particle size distribution

only.
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Information about type of particle ~ %

NANOSPAINCONF2010

100nm + 200nm Latex

50nm Gold + 100nm Latex

™~

Particle Size o
CITO0NmM per dvIsion) Panlde Slze

Plotting size v relative scattering intensity (= particle R.) allows
differences in particle composition to be explored. Note the higher

scattering but smaller size of gold v. polystyrene (left) compared to the
scaling of size to intensity for two sizes of polystyrene (right)

\xgé'




NANOSIGHT
Resolving mixtures of different particle types and ¢
sizes. .

30nm Au /

Particle SZ°

AS\OY VY
=S

cAoon™

In this mixture of 30nm and 60nm gold nanoparticles mixed with 100nm
polystyrene, the three particle types can be clearly seen in the 3D plot confirming
indications of a tri-modal given in the normal particle size distribution plot. Despite
their smaller size, the 60nm Au can be seen to scatter more than the 100nm PS.

My "‘* f__




NANOSICGHT

Auto-generated Report
contains:

NANO SAMPLE REPORT ~ JVF2010
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User-programmable Batch Measurement .
for Time-Based Study

ﬂ MNanoSight NTA:  PARTICLE SIZE: O
File FReport Camera Display fGraphs ExportData  Advanced Help

-March 23526
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Where NanoSight sits in relation to other particle

sizing techniques

Single particle techniques

eHigh resolution

eMulti-parameter per
particle

eConcentration

Ensemble techniques

e Ow resolution

eSingle parameter of
population

eNO count

Electron Microscopy

Dw

SPM '.

DLS/PCS

FFF

Disc
Centrifuge

NANOSICGHT
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Ima Sis
micro \
Opi | counter

colig!

SL.hofer

<10nm 100nm

>1000nm

Size range




Comparison to Dynamic Light Scattering (DLS) iz

e DLS (alternatively known as Photon Correlation Spectroscopy (PCS)) is
deservedly an industry standard technique and widely used for 40 years...

e BUT

* In poly-dispersed samples only an average particle size is produced which is
intensity biased towards the larger particles.

e Particle size distribution analysis is inherently limited to resolving only >3:1
diameter ratios.

e No concentration information
e Black-box approach

\\]/{




NTA vs. DLS — Monodisperse Result

DLS Analysis

Results

Diam. (nm) % Intensity  Width (nm)
Z-Average (d.nm): 1041 Peak 1: 109.0 100.0 25.34
Pdi: 0.020 Peak 2: 0.000 0.0 0.000
Intercept: 0.935 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
30 3 R
S R N N Y N
= [ ﬁ
2 1
=
£
I [ R T T R TR
0 e i
01 1 10 100 1000 10000
Size (d.nm)
Record 43: NIST PS Latex 100nm 1 Record 44: NIST PS Latex 100nm 2|
Record 45: NIST PS Latex 100nm 3

100 nm polystyrene reference particles in water

DLS (Dynamic Light Scattering) also know as Photon Correlation Spectroscopy (PCS).
R

NANOSICGHT

Similar NanoSight Result

Note: linear scale over 0-300nm
(compared to wide range
logarithmic scale of DLS)

vy
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NTA vs DLS — Bimodal Sample

Polystyrene reference spheres
in water (100 nm and 200 nm)

NANOSPAINCONF2010

Results
Diam. (nm) % Intensity Width (nm)
Z-Average (d.nm): 1904 Peak1: 1976 100.0 41.23
Pdl: 0.008 Peak 2: 0.000 0.0 0.000
Intercept: 0.944 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Intensity
i
1 | bl
= | |I
2 ' }{__\,I
= 10"]} -------------------------
i |‘..
i i\
1 I\-_‘
; -'f.‘ \.:"\ ‘
0.1 1 10 100 1000 10000
Size (dnm)
Record 58: NIST PS Latex 100nm + 200nm 1 ecorngT PS Latex 100nm + 200nm 2
Record 50: NIST PS Latex 100nm + 200nm 3 k.

In DLS, 100 nm particles are not
detected as their presence is masked
by the higher scatter signal of the 200

nm particles

With NTA, the analysis clearly shows
both 100nm and 200nm peaks

....Can get down to 1:1.25 ratio
V4




NTA v. DLS

NTA (red profiles)
Y

DLS (blue bars)

for mixtures of

polystyrene of

different sizes

Data reproduced from Filipe, Hawe and
Jiskoot (2010) “Critical Evaluation of
Nanoparticle Tracking Analysis (NTA) by
NanoSight for the Measurement of
Nanoparticles and Protein Aggregates”,
Pharmaceutical Research, DOI:
10.1007/s11095-010-0073-2

a) 60 and 100 nm beads

b) 100 and 200 nm beads

C) 200 and 400 nm beads

d) 400 and 1000 nm beads

NTA particles E6/ml NTA particles E6/ml NTA particles E6/ml

NTA particles E6/ml
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NanoSight’s Advantages vs. DLS/PCS

NANOSPAINCONF2010

e NTA s not intensity-weighted towards larger particles . DLS is.
e While DLS is an ensemble technique, NTA operates particle-by-particle

* NTA has much higher resolving power with respect to multimodal and
polydisperse samples and heterogenous/mixed sample types

* NTA requires no information about collection angle, wavelength or solvent
refractive index. DLS does.

e NTA provides particle concentration information. DLS doesn’t.

e Unique view from NanoSight shows the sample and validates particle size
distribution data

e Number vs. Intensity vs. Size is provided for each particle size class in NTA.

e Now multi-parameter - per particle

V4




NANOSICGHT

The NanoSight system is widely applicable..:...

v’ Liposomes and
other drug delivery
vehicles

v" Virus samples

v' Protein aggregation

v" Ink jet inks and
pigment particles

v Magnetic
Nanoparticles

v" Multi-walled Carbon
nanotubes

v" Cosmetics
v" Foodstuffs
v" Ceramics
v" Fuel additives
v Metal oxides in

magnetic storage
media

v’ Precursor chemicals
for wafer
fabrication.

v Quantum dots

v Polymers and
colloids

v CMP Slurries

v" Nanobubbles

\\]/{
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Selected Users

Malaga (Spain] - March 23526
NANOSPAINCONF2010

* BASF, Europe * Novartis, Europe

* BP Castrol, Europe * Proctor & Gamble, USA

* DuPont, USA * Roche, Europe

* Epson, Japan * Smith & Nephew, Europe
* Exxon Mobile, USA  Solvay, Europe

* GlaxoSmithKline, Europe * Toshiba, Japan

* Merck, USA * Unilever, Europe

* Medimmune e USEPA

* Nestle, Europe * US Forces

* NIST, USA * Wyeth Biopharma, USA

......... and over 100 major universities and academic
institutions worldwide.

200+ units sold world-wide
N\
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Example 1: Purified Influenza Virus

=
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Particle SZ8

The ability to count viruses in liquid suspension is essential for those working in vaccine

development

Current methodologies for counting such, as plague assay, only count infectious particles
which often represent a small component in attenuated vaccines i.e. perhaps only 1% of

product remains infective. NanoSight analyses all particles.

Particle aggregation and yield quality are factors which need to be understood when

] ;
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* NanoSight technology has A
unique application in theuwwspamconrzon
detection of early stage
aggregation in protein
therapeutics

Example 2 — Protein Aggregation at 50°C

t, - 0 min

NTA particles E6/ml
N
wn

Ll T T T T
0 100 200 300 400 500 600

) Size (nm)
t, - 15 min

* Protein monomer is too small to
be individually resolved by this
technique, but early stage

aggregates are readily detected

NTA particles E6/ml
b

T T T T
100 200 300 400 500 €00

Size (nm)

* Protein monomer at high
concentration causes high
background noise in image, with
the aggregate forming the
resolvable particles

t, - 25 min

NTA particles E6/ml
b

T T T
100 200 300 400 500 600

Size (nm)

e Both size and number of
aggregates can be calculated and
studied, providing insight into
product stability.

t, - 35 min

NTA particles E6/ml

Data reproduced from Filipe et al (2010),
w2 ;‘_"’ﬂ::; Pharmaceutical Research, DOI: 10.1007/s11095-
010-0073-2
V4
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Example 3: Particle Aggregation 60nm Goldmn

61 nm

 DNA mediated aggregation.
Potentially provides an
alternative to fluorescence
based assays or signal
amplification procedures
such as PCR, in nucleic acid
diagnostics

Prior to aggregation

* Inthe second video the
aggregates are brighter and
slower moving. Their
increased hydrodynamic
diameter is detected

81 nm

NANOQSIGHT

Following addition of DNA

V4
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Fluorescent option now available...

Malaga (Spain] - March 23526
NANOSPAINCONF2010

e NanoSight LM10 system can now be (retro) fitted with a blue (405nm) or
green (532nm) laser diode capable of exciting fluorophores and quantum dots

e Filters allow specific nanoparticles to be tracked in high backgrounds

e Applicationsin:
* Nanoparticle toxicity studies

* Nano-rheology
* Bio-diagnostics

\\]/{
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Example 5 - Detection of fluorescent particles
in m iX tu re NANOSPAINCONF2010
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2

A mixture of 50nm fluorescent
particles and 200nm non-
fluorescent particles analysed
under light scatter mode

Same mixture when scatter removed
by fluorescence filter

AN éf?
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Example 6 - Fluorescence detection in
biological fluids T

Example of analysis of cellular micro- and nano-vesicles labelled with an
appropriate fluorescent antibody.

Light scatter

Antibody
Fluorescence

Particle size distribution profile
(normalised) of sample under light
scatter (green line) and fluorescent
(red line) analysis.

\xgé'
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Example 7 — Particle asymmetry

......

NANOSPAINCONF2010

Nano-Mica.

Highly asymmetric plates which flash on and off due to their rotation.

Flashing is ALWAYS and ONLY seen with very non-spherical particles Y/
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NanoSight in Summary

v" High resolution particle size distribution
through single particle detection and
analysis

v" Visualisation of particles downto 10 nm,
dependant on material

v Count and concentration measurement

v Simultaneous scattered light and
fluorescence measurement

v" Minimal sample preparation
v" Real time information

v' Rapid results

v Low Cost

V4
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www.nanosight.com

...for latest updates and
Distributor locations

Minton Park,

London Road, Amesbury, See us on the
Wiltshire, SP4 7RT, Schaefer stand
UK

T: +44 (0)1980 676060

F: +44 (0)1980 624703 \ 6 ( }\i

admin@nanosight.com
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