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Carbon Nanotubes as Prototypes
for Nanometrology
The rapid development of nanoscience

and the growing interest in applying
nanomaterials to societal needs is now
creating an interesting challenge and
opportunity for both the research com-
munity and industry. While the scientific
community is pointing out the potential
of nanomaterials for new technologies,
the industrial community has not yet
organized itself on how to best achieve
the potential benefits which nanoscience
and nanotechnology promise. This situa-
tion urges that increasing attention be
given to the development of nanometrol-
ogy science. Scientific and industrial
metrology are expected to provide quan-
titative tools to foster technological
growth and innovation by providing cali-
brated measurement procedures and
standard reference materials to promote
nanobased products with reliable perfor-
mance. However, the fundamental
aspects for the development of protocols
and standards in nanomaterials, that is,
for building the basis for nanometrology,
are still largely undefined. This multidis-
ciplinary field is not only drawing from
the basic sciences across many discipli-
nary fields such as chemistry, physics,
materials science, biology, and engineer-
ing, but it is also offering an opportunity
for linking state-of-the-art academic
research and ultimate industrial needs for
technological innovation.
Since 2005, carbon nanotubes have

evolved into the most intensively studied

materials in the nanoworld.1 Now, it
seems clear that the carbon nanotube field
is on the verge of approaching a “phase
transition critical point,” which means the
field is now mature enough to make a
phase transition from nanoscience to nano-
technology. Much activity is already
occurring or starting in industrial research
laboratories, including start-up compa-
nies, large established corporations, and
everything in between. Still, neither do
large-scale industrial suppliers nor cus-
tomers at any level clearly understand
how to define the nanotube-based prod-
ucts they are selling or buying.
For the past few years, the internation-

al ISO Standards Committee has been
meeting annually, addressing nano-
metrology issues and needs. The increas-
ing international involvement in nano-
metrology can be noted by an increase in
the number of countries in attendance at
the ISO standards meeting and in the
increased national level of effort in
nanometrology within many of the par-
ticipating countries. Recently (2007), the
ISO Standards Committee has given par-
ticular emphasis to nanotubes as a proto-
type material for establishing nano-
metrology standards. The emphasis on
nanotube metrology as an early strategy

for developing standard reference mate-
rials is a current challenge, thus signaling
the need for the nanotube research com-
munity to become more engaged in
working jointly with metrology experts
in advancing nanometrology science.
Furthermore, international conferences

are now starting to establish a connection
between metrology and academic nano-
science research, focusing on nanotube
metrology. Organized by the international
nanotube scientific community, the
MSIN07 conference2 was held at Inmetro,
the Brazilian National Institute of Metrol-
ogy, in Rio de Janeiro on June 22, 2007.
Thismeetingwas organized as a satellite of
the annual International Nanotube
Scientific Conference NT07 that brought
together, in Ouro Preto, Brazil, more than
400 scientists working in the nanotube
field. Organized by the metrology commu-
nity, the 3rd NASA-NIST Workshop on
Nanotube Measurements3 was held in the
United States at the National Institute of
Standards and Technology, Gaithersburg,
Md., on September 26–28, 2007. Both the
MSIN07 Conference and the 3rd NASA-
NIST Workshop on Nanotube Measure-
mentswere efforts to bring the nanoscience
research community together with metrol-
ogy experts to advance the development of
the nanometrology science field.
The distinction between metrology in

general and metrology on the nanoscale is
widely recognized by the research com-
munity4 and stems from the different
properties of materials on the nanoscale as
compared to their bulk counterparts. For
example, the density of electronic states at
the nanoscale, which governs essentially all
of the electronic and optical properties of
nanomaterials, is very different for three-
dimensional (bulk), two-dimensional
(quantum wells), one-dimensional (quan-
tum wires), and zero-dimensional (quan-
tum dots) levels. Furthermore, nanomate-
rials have a large surface/volume area,
which, for example, promotes catalytic
activity. In this context, a 2 nm gold
nanoparticle has high chemical reactivity
as a catalyst, in contrast to gold in bulk
form which is quite inert chemically. Since
the properties of nanomaterials are strong-
ly size-dependent and are largely still in
the discovery stage, the development of
the science of nanometrology is especially
challenging. Furthermore, since both the
measurement process and the environ-
ment of a nanomaterial often perturb the
properties of the nanosystem, establishing
robust measurement protocols is also very
challenging (see Figures 1–2).
In the following, we try to put nanotube

metrology in context. We adopt the frame-
work of a recent review of nanotube appli-
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cations1 which considers both large-scale
and niche nanotube applications in three
categories: applications which (1) have
already been commercialized, (2) show
promise for commercialization within the
coming decade, or (3) show promise for
commercialization on a longer time scale.
Considering nanometrology within this
framework is thought to be helpful in
developing a strategy for implementing
nanometrology research and development
(R&D) programs to both support existing
industrial needs and promote the devel-
opment of nanotechnology-related com-
panies in the future.

Addressing Present Needs
There is already a thriving and grow-

ing nanotube industry, utilizing the
unique properties of carbon nanotubes,
including both large-scale and niche
applications.1 Examples of large-scale
applications include nanotube compos-
ites for sporting goods (exploiting the
high strength and stiffness of nanotubes),
structural composites for use in residen-
tial and commercial building construc-
tion, in aircraft and space vehicle con-
struction, as well as for automotive and
other industrial applications. Nanotube
composites tend to exploit both the
superior strength-to-weight properties of
nanotubes and their electrical conductivi-
ty for electrical shielding and device
applications. Nanotubes are used in lithi-
um ion batteries to exploit nanotube
resiliency in order to increase the dimen-
sional stability of electrode structures
during battery charging and discharging
cycles, thereby enhancing battery perfor-
mance and increasing battery lifetime.
In addition to the large-scale applica-

tions, niche applications are now also
being commercialized in several areas,
including medical devices (such as
catheters) and measurement tools (such as
scanning probe tips). The scanning probe
tips represent an example of an important
new opportunity for nanometrology in
providing a new category of tools for
enhancing measurement capabilities at the
nanoscale. The commercial catheter appli-
cation is an example of a vast new oppor-
tunity area for nanotubes in biomedical
niche applications. Nanotubes could oper-
ate as sensors within cells, or could be
used for neuroscience probes, or for im-
planted nanobiomedical measurement
systems for medical monitoring or inter-
ventions. Therefore, development of the
new nanometrology field is providing
tools for fundamental measurements,
nanomaterials for calibration of properties
measurements, and nanomaterials and
tools for nanobio probes.

1
2

3
4

Figure 1. Nanometrology Challenge 1 addresses how to extract information from a material
that is extremely small and delicate, and will be perturbed by the probes used for the meas-
urements. (a) For resistance measurements of materials, the four-contact geometry is used
to avoid the interference of the resistance from the measurement system. However, in the
case of nanotubes, the four-contact geometry does influence the system since the contacts
themselves change the nanotube conductivity.8 (b) Scanning tunneling spectroscopy can
map the density of electronic states on the surface of a nanomaterial, as shown in the color
code surfaces drawn on top of the tubes. However, the response depends on the atomic
structure of the tip, as seen by comparing the two images.9 (c) Comparison between two
atomic resolution transmission electron micrographs without (upper panel) and with (lower
panel) electron lens aberration correction. This correction provides true imaging at the
atomic levels.10 (d) Topography (top), near-field Raman (middle), and near-field photolumi-
nescence (bottom) images from a single-walled carbon nanotube. The spatial resolution of
tens of nanometers shows optical processes that are localized and different in two adjoining
tube segments. The results may be explained by the junction of two different (n,m) tubes
resulting in different optical responses.11
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Figure 2. Nanometrology Challenge 2 addresses how to extract information from a material
that is extremely small and delicate, and will be perturbed by its environment. (a) Sonicating
single-walled carbon nanotubes (SWNTs) in sodium dodecyl sulfate-aqueous solution was
shown to disperse SWNT bundles (left) into isolated single-walled carbon nanotubes (right).12

This dispersion procedure has been largely used by the research community to do experi-
ments on unbundled individual tubes. (b) It is possible to make transport measurements
through a carbon nanotube avoiding tube-substrate contact (see Web site http://www.zyvex.
com/Products/ PPS1_001a.html). Different experiments on freely suspended carbon nano-
tubes have been made with tubes suspended by a tip or crossing trenches between two
substrate posts. However, one cannot avoid the contact made by the nanotube with the tip
or whatever is used to suspend the nanotube. (c) A SWNT sitting on a substrate can flatten
because of tube-substrate interaction. The flattening will depend on substrate type and tube
properties, such as its diameter. Flattening can change the electronic structure, causing, for
example, a semiconducting-to-metal transition.13 (d) Ultra-long SWNTs grown vertically
aligned from a Si/SiO2 substrate by the water-assisted chemical vapor deposition method.
Here the individual tubes are enclosed in a forest of nanotubes and may thereby be shielded
from the external environment.14 Surprisingly, this structure is highly hygroscopic.
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With 2.5 × 105 kg/yr of multiwalled
carbon nanotubes (MWNTs) and 6.4 × 103
kg/yr of single-walled carbon nanotubes
(SWNTs) now being produced world-
wide in a rapidly growing industry, there
is a need for developing metrological
standards for both MWNTs and SWNTs
as materials, and standards for measur-
ing their performance-enhancement
properties.
Graphite and graphite-based products

have an estimated market of $13 billion,
and carbon nanotubes offer superior prop-
erties for some of the current products of
the graphite-based industry. The metrolo-
gy programs at NIST and the National
Aeronautics and Space Administration
(NASA) have thus far focused mainly on
present needs for metrology. A major
issue that is strongly pursued by the U.S.
nanotube metrology program is the evalu-
ation of the purity and the uniformity of
the nanotube dispersion of typical nano-
tube materials purchased from suppliers.

In this context, typical commercial nano-
tube samples have been measured from a
metrological standpoint by a variety of
techniques and at various size scales. At
the macroscopic scale, thermogravimetric
analysis (TGA), ultraviolet visible near-
infrared (NIR) absorption, and NIR fluo-
rescence measurements were investigated
comparatively. For microscopic characteri-
zation, scanning electron microscopy
(SEM), energy dispersive x-ray analysis
(EDAX), and Raman spectroscopy were
used, and finally at the nanoscopic scale,
transmission electron microscopy (TEM)
characterization was employed. Statistical
comparisons were made between TGA
analysis working at the milligram scale
and quartz crystal micro-balance studies
working at the microgram scale regard-
ing SWNT content relative to that of other
carbonaceous materials, addressing inho-
mogeneity at the milligram scale. Multi-
stepmanipulation processes seem likely to
introduce sample inhomogeneity. Raman

characterization based on the D-band/G-
band intensity ratio showed a large scatter
from one region to another in samples
purified by a “standard procedure” and
demonstrated that the present purification
process which is used commercially for
the removal of amorphous carbon and cat-
alytic particles also modifies the SWNT
properties themselves. Near-IR absorption
measurements demonstrated that the per-
centage of nanotube to other carbon mate-
rial in typical commercial samples tended to
be significantly overestimated by producers
(perhaps by a factor of 2). To promote util-
ization of the on-going standardswork at an
early stage and as it continues to evolve, a
Recommended Practice Guide has been
made available on a NIST Web site.5 The
metrologywork done so far shows the need
for significant improvement in the purifica-
tion of commercial nanotubes and in the
uniform dispersion of nanotubes through-
out commercial samples.
Therefore, despite the progress that has

been made thus far, research is needed to
establish a simple and reliable protocol (or
measurement standards) for the specifica-
tion of the nanotube content, purity, and
dispersion characterization within a given
sample that is offered for sale. A variety of
different characterization techniques giv-
ing complementary information is now
being applied to develop characterization
protocols for making characterization
measurements on actual samples and for
controlling industrial processes involving
nanotubes. Most of the work that has been
done by the academic community
addresses nanotubes with diameters in the
range of 0.7–1.5 nm, with a clear lack of
protocols on how to address larger diame-
ter SWNTs and MWNTs which is where
many of the industrial products are now
focused. At the same time, researchers
have to consider that the present needs of
industry also require standards for proper-
ty measurements, not usually addressed
by the academic research community,
such as nanotube resiliency for battery
applications, strength/weight ratio meas-
urements for sporting goods applications,
metallicity or conductivity enhancement
for electrical shielding for building materi-
als, and related applications. In the case of
nanomaterials, reliable measurement pro-
tocols need to be established by nano-
metrology experts to assist industry with
developing reliable specifications of their
nanobased products.

Nanometrology for Near- and
Long-Term Applications
The research community has identified

a number of near-term application areas
for carbon nanotubes with both large-
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scale and niche applications. Nano-
metrology science needs to develop along
certain directions that can be identified
now, addressing nanotube structure,
properties, and environmental effects.
The structure of a perfect SWNT is
defined by its diameter (dt) and chiral
angle (θ), or equivalently by the nanotube
(n,m) indices,1 but environmental effects
and defects can play a very important role
in the properties of nanotubes used in
device applications based on nanotubes.
TEM and scanning probe microscopy

(SPM) are well recognized as important
tools for nanometrology. The ability to
image the nanomaterial by TEM is very
important and has a large impact on
understanding nanotube properties. Not
only does SPM provide a complementary
tool to TEM for structural characterization,
but SPM can also be used to characterize
both electrons and phonons. The large
emphasis on electron microscopy in the
nanotube field can be related to two fac-
tors. The first is the historical importance
of TEM as a fruitful structural characteri-
zation tool for nanotubes. The second is
the major advance that has occurred in the
very recent past in greatly increasing the
resolution of TEM instruments by the
introduction of aberration-corrected optics
in the latest TEM instruments. Present
instruments can deliver atomic resolution
images with enhanced contrast and image
stability without compromising resolution
by using low acceleration voltages (e.g., 80
keV), which is required for TEMmeasure-
ments on carbon materials without inflict-
ing radiation damage to the samples. It is
now possible to image SWNT handed-
ness, heptagon-pentagon defects, dynamic
dislocations, and linear chains of carbon
atoms growing inside the cores of SWNTs.
A calibration-free method based on elec-
tron diffraction for determining the (n,m)
structure for individual SWNTs is now
available,1 which includes measurement
of the tilt angle between the nanotube axis
and the electron beam when indexing the
electron diffraction pattern for rapid and
robust (n,m) determination. While the
achievements of electron microscopy are
impressive and keep evolving, interesting-
ly there is no protocol for calibrating
length measurements in a TEM instru-
ment over the full range of sample lengths
from atomic lengths to the largest sample
sizes seen in current TEM instruments.
A major concern for nanomaterials

characterization is the effect on the meas-
urements of the probes, either electron
probes, scanning tips, or electrical con-
tacts for transport measurements (see
Figure 1). Nanotransport can, in principle,
distinguish metallic from semiconducting

SWNTs in a current versus voltage (I–V)
plot. It is, however, difficult to make an
ohmic contact to a nanotube, since most
contacts have a Schottky barrier that must
be overcome in order for current to flow.
Furthermore, experiments show that if
four contacts are applied along the length
of a nanotube, the resistance R12 + R23 +
R34 is not equal to R14, because nanoscale
transport measurements of this type
themselves are perturbed by the leads or
contacts. Moreover, transport measure-
ments on MWNTs present an additional
challenge in making good electrical con-
tacts to all the walls of the MWNT. Thus
nanotransport measurements offer seri-
ous metrological challenges in developing
reliable and reproducible measurement
procedures.

Optics offers as a very important set of
tools for nanomaterials characterization
since light provides a chargeless andmass-
less probe. Resonance Raman spectroscopy
(RRS) provides a powerful metrological
tool for distinguishing metallic (M) from
semiconducting (S) tubes, for determining
the diameter distribution of SWNTs in a
given sample, and for determining the
(n,m) values for individual nanotubes.
Photoluminescence (PL) has developed
rapidly as a nanotube characterization tool
because it is very attractive for identifying
the (n,m) indices for semiconducting nan-
otubes in a solution sample. Rayleigh scat-
tering shares with PL the advantage of a
much stronger signal than RRS. Near-field
microscopy has been used to show the
topography, the Raman spectra, and the
photoluminescence from the same tube,
thus providing, at the same time, informa-
tion about the morphology as well as the
electronic and vibrational properties of
nanotubes. The technique can be used to
locate individual defects spatially in a nan-
otube by looking for an abrupt change in
the spectral signature of a given (n,m) tube
as the spectrum is scanned spatially. At
present, the spatial resolution record for
near-field optics is ~10 nm and a goal for
this technique would be eventually to
achieve atomic resolution.
There are three major problems con-

cerning the applicability of optics as an
accurate metrological tool. First, although
it is possible to assign, when using the

RRS or PL techniques, the amount of
light coming from specific (n,m) tubes in
a sample, the quantitative determination
of the (n,m) population within a nanotube
sample is hindered at present by the
absence of an independent experimental
method for the determination of the mag-
nitude of matrix element governing the
excitonic absorption and emission inten-
sity from SWNTs. Calculations of Raman
frequencies and RRS matrix elements are
now at an advanced stage for SWNTs,1
but understanding lifetime effects and
dark singlet and triplet states are still at an
early stage. Second, environmental effects
due to substrates, wrapping agents, func-
tionalization, strain, or other mechanisms
are expected to strongly influence the
optical response (see Figure 2). This is
especially important for nanotubes where
the excitonic nature of the excited states
makes them highly sensitive to their
dielectric environment. Controlling envi-
ronmental effects is vital for a variety of
applications of functionalized nanotubes
for sensors and biomedical applications.
Third, the presence of defects on the tube
structure is also expected to strongly
influence their optical properties, since
defects change the local structure and act
as trap states for excitons. The accumulat-
ed experience from TEM experts show
that it is not difficult to find a defect with-
in a ~100 nm segment of SWNTs grown
by usual chemical vapor deposition
processes. However, the type of defect (an
impurity, a vacancy, or an interface) is
important in changing the optical behav-
ior. Accurate and accessible measurement
techniques for detailed defect characteri-
zation are not yet available. An in-depth
study of defects in nanostructures is very
important, since defects will influence not
only optics, but also the various mechani-
cal and transport properties.
The uncertainty behind all measurements

in the carbon nanotube field is certainly
decreasing the speed of both scientific and
technological development. For example,
the radial breathingmode (RBM) frequency
(ωRBM) provides a simple spectroscopic sig-
nature of SWNT diameter (dt). The experi-
mental results in the literature have been
fitted with the relation ωRBM = A/dt + B,
but the values for A and B vary from one
publication to another. The empirical con-
stant factor B, supposedly associated with
environmental effects, prevents the expect-
ed limit of a graphene sheet from being
achieved, where the ωRBM should go to
zerowhen dt approaches infinity. Trying to
understand the physics behind B, or more
generally the consistency between the
nano and bulk scales, means trying to
obtain an in-depth understanding behind

…nanotransport measurements
offer serious metrological

challenges in developing reliable
and reproducible measurement

procedures.
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the size-dependent effects of nanomaterial
properties. Carbon nanotubes and gra-
phene are unusual insofar as their quan-
tized behavior (which is important for
nanosystems) in transport can even be
observed at room temperature. Because of
the close connection between graphene
and carbon nanotubes (since a carbon
nanotube is a graphene layer rolled up in a
seamless way to form a cylinder), many
similar potential applications can be envi-
sioned for graphene and carbon nano-
tubes. However, their different geome-
tries give rise to distinct properties for
these two types of carbon materials and,
therefore—separate though related—
metrology programs for graphene and
nanotubes will be needed. Since graphene
research and potential nanotube applica-
tions are developing very rapidly, the
time seems ripe for starting a graphene
metrology program now.

Biomedical Applications
Discussion of biomedical applications

has been addressed in two contexts. One is
the great opportunities envisaged for car-
bon nanotubes in the biomedical area for
applications such as tissue regeneration,
cancer cell treatment, drug delivery, neu-
ron activation, and use in implants for
medical sensing and treatment devices.
The second context concerns toxicological
studies involving issues such as monitor-
ing the movement of nanotubes through
the body, their elimination from the body,
their accumulation within the body of an
animal (or human), and the preferred loca-
tions by the biological system for this
accumulation. Toxicology studies are
needed to assess health effects due to the
presence and accumulation of nanotubes
in specific organs, for example the lungs
(as might result in black lung disease in
coal miners). The efforts have to go from
the development of strategies for charac-
terizing the aerosol properties of nano-
tubes, up to the strategies to mitigate ill-
ness caused by the presence or accumula-
tion of nanotubes. One such strategy that
has shown promise in mice is the func-
tionalization of nanotubes with nitrogen.1
It is felt by the nanotube community

that the bionanotube area needs special
consideration for three reasons. First, the
topic of biomedical nanotube research is so
large, diverse, and important that it needs
more time and careful attention than it
presently receives at general nanotube con-
ferences. Second, different researchers with
different areas of expertise are involved in
the research on the various topics which
fall under the bionanotube heading.
Finally, the biomedical-nanotube area is so
diverse that researchers now working in

this field worldwide do not know each
other, nor are they well-acquainted with
the nanotube research community. For all
these reasons, it was decided that a bio-
nanotube workshop would be held next
year (2008) as a satellite conference to
NT08 in Montpellier, France, in addition
to the second satellite conference on nano-
metrology of nanotubes MSIN08.6,7
Liaison between the metrology and bio-
nanotube satellite workshops would also
be encouraged to advance the develop-
ment of bionanotube metrology science
that would be needed for the implemen-
tation of a viable metrology program in
the nanotube area.

Conclusion
The metrology studies on carbon nano-

tubes began late, and developments in
the field appear to be substantially
behind advances in commercializing car-
bon nanotubes. The most basic materials
characterization of the nanotube content,
purity, and dispersion requires serious
attention and standard reference mate-
rials need to be developed for various
aspects of nanotube metrology. To
address present industrial needs, proto-
cols are required for characterizing basic
concepts like (n,m) and tube length distri-
bution, metallic-to-semiconducting nano-
tube ratio in a sample, the presence of
structural defects, surface area, and opti-
cal efficiency. In addition, nanometrology
needs to be developed for quantifying,
and therefore improving sophisticated
concepts that, once adopted, will be engi-
neered for enhancing specific properties
that are exploited in industrial products.
The development of standards at present
is at such an early stage that it is not yet
clear how these standards should be
developed, and how these standards
should be used.
At the same time, it is clear from the

metrology workshops which have been
held so far that present and future
nanometrology efforts will foster compet-
itiveness and create a favorable environ-
ment for both scientific and industrial
development. Nanotubes are prototype
nanostructures and should interface with
the broader nanoscience metrology pro-
grams as shown by the recent interna-
tional efforts of the ISO program. Specific
software for the analysis of TEM, SPM,
and PL experiments on SWNTs are

already on the market. The high resolu-
tion of the TEM and SPM measurement
techniques can be utilized to study in
detail the interplay between structure,
electronic properties, and local perturba-
tions. Optics provides a powerful path-
way as a fast and reliable approach for
nanotube characterization, as demanded
for applications, but the optical efficiency
is highly dependent on tube morphology
and environment. Fruitful outcomes
should be achieved when combining
SPM and TEM with optical spectroscopy
techniques, giving researchers the oppor-
tunity to correlate vibrational modes with
local changes in the microscopic structure
or chemical attachment of functional
groups on individual SWNTs. Systematic
characterization by multiple techniques is
important for metrology science, but is
not directly applicable to large-scale
industrial needs where easy and quick
tests are necessary. Consistency between
properties measured on the nano and
bulk scales have to be pursued for a clear
understanding of size effects. Although a
lot of work has already been done on
these topics, many promising and impor-
tant research directions remain to be pur-
sued. Attention should now also be given
to the metrology for the bio- and biomed-
ical nanotube research area, addressing
the needs of applications in this area.
Attention also needs to be given to devel-
oping the toxicological aspects of this
kind of nanoscience. Developing nano-
metrology thus presents both a large
opportunity and challenge for the suc-
cessful transformation and exploitation of
nanoscience into nanotechnology.
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Setting New Standards in GPC

ore than twenty years ago Viscotek revolutionized GPC detection with the introduction of
the four-capillary differential viscometer detector. Since that time we have continued to set the
standard in GPC with innovative and unique products like the Integrated Triple and Tetra
Detector Array’s (TDA’s), the GPCmax™ Integrated Pump / Autosampler / Degasser Module,
OmniSEC™ software and Complete GPC/SEC Advanced Detector Systems.

In a single experiment, our technologies make it possible to obtain absolute molecular weight,
molecular size and intrinsic viscosity distributions, as well as information on structure,
conformation, aggregation, branching and copolymer and conjugate composition for natural
and synthetic polymers, copolymers, proteins, protein conjugates and excipients.

Viscotek is proud to once again set a new standard in GPC!

Introducing the Model 350 HTGPC, a revolutionary new generation of High Temperature GPC
that represents a breakthrough in characterization technology. The 350 HTGPC features:

• Modular component design with a removable detector module for easy maintenance.

• Advanced detection with built-in LALS/RALS Light Scattering Detector and Four-capillary 
Differential Viscometer.

• Automated sample preparation and delivery with the Vortex  
Autosampler/Autopreparation Module.

• Self-cleaning in-line sample filtration with proprietary back-flush valve design.
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www.viscotek.com 800-375-5966
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