











Polydimethyl siloxane analysis using GPC/
viscometry

Polydimethyl siloxane (PDMS) is a non-toxic, non-flammable
silicon-based polymeric material noted for its unusual
rheological behavior. Composed of polymer chains of formula
(CH,),SiO[SiO(CH,),] Si(CH,),, PDMS is a viscoelastic material
which, with long flow times or at high temperatures behaves
like a liquid, and with short flow times or at low temperatures
behaves like a rubber. PDMS is produced in a range of grades
from liquids through to rubbery semi-solids depending on

the molecular weight of the constituent chains. It is a widely
used material and can be found in applications such as
silicone caulks, lubricants, damping fluids and heat transfer
fluids, as well as in breast and knuckle implants. It is also a
food additive (E900), used as an anti-foaming and anti-caking
agent.

PDMS was analyzed by GPC using the PL-GPC 50 Integrated
GPC/SEC System. Due to the importance of the viscometric
properties of the material in many final applications, a PL-BV
400RT viscometer was included in the PL-GPC 50 as well as
the standard refractive index detector. Results are shown in
Figures 13 and 14. This combination of detectors also allows
analysis of the material by the Universal Calibration method,
giving accurate molecular weights that are not reliant on

the chemistry of the standards used for calibration (in this
case, polystyrene standards). Although PDMS is soluble in
tetrahydrofuran, it is also isorefractive with this solvent and,
therefore, THF is not suitable for the analysis and toluene is a
more suitable solvent.

Columns: 2 x Agilent PolyPore, 300 x 7.5 mm
Eluent: Toluene
Flow Rate: 1.0 mL/min
Injection Volume: 100 pL
Detection: PL-GPC 50, PL-BV 400RT
viscometer
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Figure 13. Example overlaid refractive index and viscometer chromatograms
for a sample of polydimethyl siloxane showing typical peak shapes
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Figure 14. Overlaid molecular weight distributions for two different grades of
polydimethyl siloxane with different performance characteristics

Although quite different in molecular weight, the Mark-
Houwink plot (Figure 15) shows that the two materials are
structurally very similar, indicating that their viscoelastic
behavior as a function of molecular weight would be
comparable.
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Figure 15. Mark-Houwink plots calculated for two samples of polydimethyl
siloxane show that the materials are structurally very similar



Analysis of poly(styrene/butadiene) copolymers 37
by conventional GPC

A poly(styrene/butadiene) block copolymer mimics many
of the properties of natural rubber and has applications in
a wide variety of industrial areas. Its characteristics are
provided by the hard polystyrene chains being surrounded
by a network of rubbery polybutadiene, which provides
strength and flexibility over a large temperature range. The
copolymer is a thermoplastic elastomer and therefore can be
easily used in manufacturing by injection molding, or blended 0
into an existing product to increase elasticity or impart 4.1 logM 6.3
toughness. The molecular weight distribution is critical, as ) ] S )
T Figure 17. Overlaid molecular weight distributions for the styrene butadiene
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In the analysis described here distinct differences were
observed arising from the presence of homopolymers along
with the intended copolymer (Figures 16 and 17).

Columns: 2 x PLgel 5 pm MIXED-C, 300 x 7.5 mm
Calibration Standards: Polystyrene EasiVial

Eluent: THF (250 ppm BHT)

Temperature: 40 °C

Injection Volume: 100 L

Detection: PL-GPC 50
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Figure 16. Chromatograms for styrene butadiene rubbers showing the
presence of homo- and copolymers
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More Agilent solutions for the analysis of rubber

Although well-suited to the analysis of natural and

synthetic rubber, GPC is not the only analytical technique
available for the examination of these important materials.
Agilent offers a range of instruments and consumables

that can be used to test elastomers in environmental
protection, recycling schemes, confirmation of equivalents,
deformulation, quality control and failure analysis. Agilent
instruments are particularly valuable for the detection of
additives or modifiers, ubiquitous components found in most
commercially useful rubbers.

Spectroscopy

Both the AA and ICP-0OES techniques are suitable for
determining the “filler” and trace levels of metals in
compounded rubber products. For toys made from rubber
materials, there are worldwide standards applicable that
require the determination of a range of toxic elements.

For example, the US Consumer Product Safety Improvement
Act of 2008 (CPSIA), EN 71 Part 3 and AS/NZS 1SO
8124.3:2003 standards define requirements for testing the
migration of inorganic elements from toys and children’s
products. Agilent AA and ICP-OES instruments meet and

exceed these testing requirements. Analysts may also use AA
and ICP-0ES for monitoring and evaluating the environmental

impact of waste rubber products (especially used tires) in
land fill sites, artificial reefs, or assessing trace element
levels in fly ash from tire-derived fuel.

Rubber NMR is a well-established subfield of Solids NMR.
MAS (magic angle spinning) is used to improve shimming,
and rubber spectra could be run in either a Solids MAS probe
or a Nanoprobe. More advanced experiments that measure
relaxation properties are employed to analyze dynamics and
morphology, such as domain sizes, and the results have been
used to explain the dielectric and mechanical properties of
rubber. Agilent’s 400, 500 or 600 MHz NMR systems are ideal
for such tasks when equipped with accessories for solid state
NMR.

The Agilent 400-MR Magnetic Resonance Spectrometer is the system of
choice for laboratories requiring a compact and easy-to-use instrument that
delivers fast and reliable results day in and day out
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GC

Toxic gases that are emitted during the processing and

curing of rubber goods can be monitored using Agilent gas
chromatography. The same technique helps ensure product
safety when determining levels of plasticizers or nitrosamines
in food rubbers, such as dummies for babies or teats for baby
bottles. For the two ASTM rubber methods, we recommend
Agilent J&W CP-PoraBOND Q GC columns to detect
acrylonitrile in nitrile rubber.

The Agilent 7890A GC with 7693A Series Automatic Liquid Sampler
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Agilent J&W offers the largest selection of the highest quality GC columns
available today

FTIR

FTIR spectroscopy has a powerful ability to provide both
chemical and structural information of a sample. Rapid,
non-destructive, chemical identification is possible with
easy-to-use Attenuated Total Reflectance (ATR) accessories.
Agilent also provides thermally controlled accessories that
enable users to investigate their elastomer sample under
their desired environmental conditions. Or, if combined with
thermogravimetric analysis (TGA), Agilent’s hyphenated TGA/
FTIR analyzer delivers real-time monitoring of gases evolved
from rubber samples, and enables complex chemistries to be
unravelled and understood. Our TGA/FTIR systems consist of
an FTIR spectrometer and TGA/IR interface accessory with
data interpretation performed using powerful Resolutions Pro
software.

The Agilent 600 Series FTIR provides the highest level of sensitivity combined
with detailed structural and compositional information for information-rich
detection



Ordering information

Agilent offers robust instrumentation, application-based
consumables, and customer-focused services, backed by
our global team of product and applications experts, ready
to help you solve your analytical challenges. Whether you're
monitoring impurities in drinking water, designing new
therapeutic drugs or developing cleaner fuels, our solutions
deliver the sensitivity, flexibility and productivity your
laboratory requires.

Description Part No. Description Part No.
Agilent PLgel 5 pm MIXED-C, 300 x 7.5mm PL1110-6500 Agilent PL-GPC 220 Integrated GPC/SEC System PL0820-0000
Agilent PLgel 10 um MIXED-B, 300 x 7.5 mm PL1110-6100 Agilent PL-GPC 50 Integrated GPC/SEC System PL0870-8500
Agilent PLgel 20 pym MiniMIX-A, 250 x 4.6 mm PL1510-5300 Agilent PL-BV 400HT Online Integrated Viscometer PL0810-3050
Agilent PolyPore, 300 x 7.5 mm PL1113-6500 Agilent PL-BV 400RT Online Integrated Viscometer PL0810-3060
Agilent EasiVial PS-H (2 mL) PL2010-0201 Agilent PL-HTLS 15/90 Light Scattering Detector for PL0640-1200
Agilent EasiVial PS-H (4 mL) PL2010-0200 PL-GPC 220
Agilent EasiVial PS-L (2 mL) PL2010-0401 ﬁfllggé PSII_J-RTLS 15/90 Light Scattering Detector for PL0640-1210
Agilent EasiVial PS-L (4 mL) PL2010-0400 - — -
Agilent 380-LC Evaporative Light Scattering Detector PL0890-0110
Agilent EasiVial PS-M (2 mL) PL2010-0301 (110V)
Agilent EasiVial PS-M (4 mL PL2010-0300 Agilent 380-LC Evaporative Light Scattering Detector ~ PL0890-0240
Agilent PS-H 2 mL Tri-Pack (90 Vials) PL2010-0202 (240 V)
Agilent PS-H 4 mL Tri-Pack (90 Vials) PL2010-0203
Agilent PS-L 2 mL Tri-Pack (90 Vials) PL2010-0402
Agilent PS-L 4 mL Tri-Pack (90 Vials) PL2010-0403
Agilent PS-M 2 mL Tri-Pack (90 Vials) PL2010-0302
Agilent PS-M 2 mL Tri-Pack (90 Vials) PL2010-0303
Description Part No.
Agilent EasiVial PS-H (2 mL) PL2010-0201
Agilent EasiVial PS-H (4 mL) PL2010-0200
Agilent EasiVial PS-L (2 mL) PL2010-0401
Agilent EasiVial PS-L (4 mL) PL2010-0400
Agilent EasiVial PS-M (2 mL) PL2010-0301
Agilent EasiVial PS-M (4 mL PL2010-0300
Agilent PS-H 2 mL Tri-Pack (90 Vials) PL2010-0202
Agilent PS-H 4 mL Tri-Pack (90 Vials) PL2010-0203
Agilent PS-L 2 mL Tri-Pack (90 Vials) PL2010-0402
Agilent PS-L 4 mL Tri-Pack (90 Vials) PL2010-0403
Agilent PS-M 2 mL Tri-Pack (90 Vials) PL2010-0302
Agilent PS-M 2 mL Tri-Pack (90 Vials) PL2010-0303

For full ordering information, visit
www.agilent.com/chem/store
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Suggestions for further reading

Agilent has published application compendia on
biodegradable polymers, engineering polymers, polyolefin
analysis, and low molecular weight resins. In addition, we
also offer a comprehensive and informative range of literature
for all aspects of GPC/SEC, including application notes,
datasheets and technical overviews.

Publication Publication
number
Introduction to GPC/SEC 5990-6969EN
GPC/SEC column selection guide 5990-6868EN
Biodegradable polymers 5990-6920EN
Engineering polymers 5990-6970EN
Polyolefin analysis 5990-6971EN
Low molecular weight resins 5990-6845EN

Search for all our publications in the Literature Library at
www.agilent.com/chem/library
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Find out how to take your elastomer analysis to the next level

Agilent GPC/SEC products:

www.agilent.com/chem/gpcsec

Buy online:

www.agilent.com/chem/store

Contact an Agilent office or authorized distributor:

www.agilent.com/chem/contactus

U.S. and Canada:
1-800-227-9770

agilent_inquiries@agilent.com

Europe:

info_agilent@agilent.com

Asia Pacific:

inquiry_Isca@agilent.com

India:

india-Isca_marketing@agilent.com

Information, descriptions and specifications in this
publication are subject to change without notice.
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