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Introduction

In this article, we will describe how nanoscale particles may be
individually visualised (but not imaged) in liquids and from which
higher resolution particle size distribution profiles can be obtained
compared to other light scattering techniques. The method is called
Nanoparticle Tracking Analysis (NTA)

Sample preparation is minimal, requiring only dilution with
a suitable gplvent to an acceptable concentration range (between
10 and 10 particles per ml depending on sample type). Accurate
and reproducible analyses can be obtained from video images of
only a few seconds duration and the results allow particle number
concentration to be recovered. Given the close to real-time nature
of the technique, particle-particle interactions are accessible as
is information about sample aggregation and dissemination. All
particle types can be measured and in any solvent type providing
that the particles scatter sufficient light to be visible (i.e. are not
indexed matched).

The technique is robust and low cost representing an attractive
alternative or complement to some of the higher cost and more
complex methods of nanoparticle analysis such as photon correla-
tion spectroscopy or electron microscopy.

This technology uniquely allows the user a simple and direct
qualitative view of the sample under analysis (perhaps to validate
data obtained from other techniques such as PCS) and from which
an independent quantitative estimation of sample size, size distribu-
tion and concentration can be immediately obtained.

Figure 1, Flow Cell
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How does NTA work?

NTA is a unique method to visualise and analyse particles in
liquids relating the rate of Brownian motion to particle size. The rate
of this movement is related only to the viscosity of the liquid, the
temperature and size of the particle and is not influenced by particle
density. NTA enables individual particles to be studied rather than
the averaging techniques employed by PCS, also known as Dynamic
Light Scattering (DLS).

The size range applicable to NTA is from 10 to 1,000nm,
depending on the particle type. Analysis of 10nm particles is only
possible for particles with a high refractive index such as gold and
silver while the upper size limit is restricted by the limited Brown-
ian motion. At 1 micron, particles move very slowly and hence the
accuracy of the technique starts to diminish. The viscosity of the
solvent also plays a role in determining the upper size limit as it too
influences the movement of the particles.

Populations of particles are studied rather than a search for one
or two contaminant particles in a big volume. In the ideal measure-
ment, a concentration of 10° - 10° particles per ml is used. This
equates to less than 1 wt% which means that for some applications,
the sample needs to be diluted. Care should be taken when diluting
a sample as this may sometimes lead to particle aggregation.

Figure 2, Injecting sample into the cell.

What hardware is required?

NTA employs a specially designed flow cell, figure 1, that is
mounted on a conventional optical microscope equipped with a
CCD camera capable of operating at 30 frames per second.

A suitably prepared sample of nanoparticles in solution is in-
jected into the cell, figure 2. The beam from a laser diode is passed
through the liquid sample cell.

Particles in the beam produce light scattering that is viewed with
a suitable optical microscope and CCD camera against a proprietary
metallised surface, figure 3.
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Figure 3, Schematic of the system
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Figure 4, Video capture of particles.
Figure 5, Trajectory of individual particles.
Figure 6, Direct number count of particles.
The nanoparticles will move in the beam of the laser. They

move randomly under solvent bombardment (Brownian motion)
at a speed related to their size. The intensity of light scattered by a
nanoparticle is related (through the power law) to its size. Small
particles will move faster and further than large particles. Distance
moved by each particle is measured and the average determined.
The Particle Diffusion Coefficient is calculated. This relates to a
sphere equivalent hydrodynamic diameter of the Stokes-Einstein
equation.

Nanoparticles are too small to be imaged by the microscope.
They are seen as point scatterers moving under Brownian motion.
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Larger particles will scatter significantly more light than smaller
particles while the speed of the particles varies strongly with particle
size. The process of collection through to analysis is illustrated in
these three images. figure 4 shows the video capture illustrating the
Brownian motion. The second image, figure 5, shows the trajectory
of each individual particle as derived form the series of CCD im-
ages captured over a few seconds. The third and final image, figure
6, shows the final particle size distribution which is made up from
all the separate measurements. The scales shown are linear. The
horizontal scale runs from 1 to 1,000nm while the vertical scale
is a direct number count of particles, each one derived from an
individual measurement.

Comparison with PCS data

When measuring a narrow range of particle sizes (e.g. a
mono dispersion), PCS and NTA will deliver equivalent results.
However, the strength of NTA is clearly observed when studying
poly-dispersed samples where a range of sizes is present. If a sample
containing two different sizes of particles is studied by PCS and by
NTA, clearly different results are produced.

This is illustrated in a study of solution containing particles of
204nm and 384nm particles, figure 7a and b. While the NTA data
clearly shows the two sizes (a), the results from PCS only reports
the larger size particle (b).

PCS cannot detect the smaller particles with the larger ones
present because, as it measures light intensity, the results are domi-
nated by the much greater scatter from the larger particles.
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Figure 7a (left) and 7b (right).

Applications for NTA

The breadth of samples that may be studied using NTA is
extremely broad answering the particle sizing needs from fields as
diverse as toxicology and materials science.

Nanoparticles are found in so many areas of research and
industry today. For example, using liposomes as a drug deliverer
allows potentially lower doses of drug to be used, reducing toxic-
ity and side-effects. Furthermore, it is possible that gene therapy
drugs may be delivered by liposomes. The size of the liposomes is
increasingly being recognised as an important factor in treatment
efficacy. The size of the liposome used in drug delivery may affect
its circulation and residence time in the blood, the efficacy of the
targeting, the rate of cell absorption (or endocytosis) and, ultimately,
the successful release of its payload. Such size considerations are also
hugely important to nanoscale polymer-encapsulated drug delivery
systems. Accurate measurement of the particles being administered
is therefore imperative. Figure 8.

In the oil and petroleum industry, the study of nanoparticulates
may lead to increased knowledge of product efficiency. For example,
lubricants as they age may suffer from the build-up of soot particles
reducing the lubricant’s effectiveness. NTA allows detection of soot
particulates at a size well below that provided by optical microscopy,
figure 9. Particles as small as 30nm may be detected and the disper-
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Figure 8, Sample of relatively mono-dispersed

liposome with a modal size of 133nm. particles.

sion assessed rapidly, in term of polydispersity, agglomeration and
contaminant content.

Wear is critical in the development of artificial joints. Preclinical
testing of orthopaedic implants have revealed critical information.
The size of metallic, plastic or ceramic particles found in the synovial
fluid can influence the immune system response to the particles and
hence influence other factors such as remote particle deposition and
third part particle wear. Figure 10.

Figure 9, Oil sample showing small

.. .

Figure 10, Distribution of particles found
in synovial fluid surrounding an orthopaedic
implant.
The final example described here looks at silicate nanoparticles

used as a support for catalysts, figure 12. The size of the nanopar-
ticles is critical as it determines the surface area of the catalyst.
Furthermore, silicates may be functionalised with biological spe-
cies, again an example where size is crucial to performance. With
NTA, silicate particles may be characterised down to approximately
50nm in size.

Conclusions:

The examples reported here have clearly shown the strength of
the new technology of nanoparticle tracking analysis. Ideal for poly-
dispersed nanoparticles in liquids, NTA offers significant benefits
over the established techniques of PCS and electron microscopy.
From the ease of sample preparation to the cost-of-ownership of
the particle sizing system, NTA is rapidly gaining acceptance as a
critical instrumentation technique for groups studying and applying
nanoparticles in their work.
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Figures 11a and 11b.

The study of inks and pigments may also be suited to NTA where
the latest materials use much smaller particles than the original inkjet
type of technology. Particle size is a core measurement in determin-
ing the functional properties of pigment-based inkjet inks. Colour
density, opacity and viscosity depend directly upon particle size.
Comparison of particle size distributions for two inks illustrates the
ability to demonstrate polydispersity and the differences between
them, figure 11a (left and fig 11b (right). In both examples, the x-axis
represents particle diameterand the y-axes gives the number counts
of particles at that size.
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Figure 12, Results showing a generally mono-modal Dispersion of a
porous silicate sample.
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