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Polyolefin analysis by GPC/SEC

Introduction

Polyolefin is a general term describing polymers created from
simple olefins or alkenes. Many different types of olefin exist,
from the most simple, ethylene, to alpha-olefins of increasing
complexity. Polyolefins are of great interest as two of them,
polyethylene (polythene) and polypropylene, are among the
highest tonnage polymers produced in the world. Interest in
the analysis of polyolefins comes from the desire to create new
materials with custom properties, from the development of
new catalysts and from the need to perform quality control on
polymer production.

Agilent has a long history of involvement in the analysis of
polyolefins by gel permeation chromatography (GPC, also known
as size exclusion chromatography, SEC). This application booklet
describes Agilent’s product portfolio for polyolefin analysis.
Instrumentation, software, columns and standards are described,
providing a complete package for the analysis of these important
products. In addition, a wide range of applications are included
that illustrate the performance of the complete solutions for
polyolefin analysis offered by Agilent.

Gel permeation chromatography is a well-known technique for
assessing the molecular weight distribution of polymers such as
polyolefins. Molecular weight influences many of their physical
characteristics, as shown in Table 1. In general, increasing
molecular weight leads to higher performance, while an increase
in the width of the distribution (the polydispersity) leads to a loss
of performance but an increase in the ease of processing.

Many polyolefins, typically those containing over 10% ethylene
and polypropylene monomers, are of limited solubility in a
number of solvents. This is because the characteristic high
strength and toughness of these materials results from their
high crystallinity. Increased crystallinity requires break up of
any inter-chain bonds in order to dissolve the material. Several
solvents can be used, but in general the most effective is
trichlorobenzene, a viscous solvent with a distinct odor.
Ortho-dichlorobenzene is also used in some laboratories, but
solubility in this solvent is less effective.

Table 1. Effects of molecular weight (Mw) and the impact of decreasing the width of distributon of Mw on polyolefins

Strength Toughness Brittleness Melt viscosity Chemical resistance Solubility
Increasing Mw + + + + + _
Decreasing
R + + + + +
distribution

Polymer Laboratories was formed in 1976 to offer high quality columns, standards, instruments, and software for GPC/SEC. For over
30 years the company developed many market-leading products, including PLgel, PL aquagel-OH, PlusPore, PLgel Olexis, PolarGel
columns, and EasiVial standards. Built on advanced in-house manufacturing technology, PL's products have the highest reputation for
quality and performance, backed up by world-class technical and applications support.

With the acquisition of PL, Agilent offers an even wider range of GPC and SEC solutions for all types of polymer characterization of

synthetic and bio-molecular polymers, with options for conventional GPC all the way up to complex determinations using multi-column

and multi-detection methods.




The GPC separation mechanism

Polymer molecules dissolve in solution to form spherical coils
with size dependent on molecular weight

Polymer coils introduced to eluent flowing through a column

Column packed with insoluble porous beads with well-defined
pore structure

Size of pores similar to that of polymer coils
Polymer coils diffuse in and out of the pores

Result is elution based upon size — large coils first, smaller
coils last

Size separation converted to molecular weight separation
by use of a calibration curve constructed by the use of
polymer standards

Highly crystalline polymers such as polyethylene are soluble only
at high temperatures. This is because elevated temperatures

are required to break down the ordered crystalline structure, and
on cooling the material will re-crystallize and precipitate from
solution. For these applications, high temperature is required
throughout the entire analysis to ensure that the samples remain
in solution. This places several requirements on the instrument
for the successful analysis of polyolefins.

Solvent choice is limited, mainly to 1,2,4-trichlorobenzene (TCB)

Elevated temperature is required for dissolution, typically for
1 to 4 hours depending on molecular weight and crystallinity

Column selection must be appropriate for the application
in terms of molecular weight resolving range and efficiency
of separation

A high temperature GPC system is required to maintain all
components at the analysis temperature, typically 135 to
170 °C, depending on molecular weight and crystallinity

Key

@ Smaller coils can access many pores
&~ Larger coils can access few pores

@ Very large coils access very few pores



GPC system requirements for

polyolefin analysis

Autosampler, detectors, columns, injection valve and transfer
tubing must all be capable of handling elevated temperatures
during polyolefin analysis. A typical system schematic is shown

in Figure 1.

Autosampler
Introduces sample automatically

Injection valve
Introduces sample into
the eluent stream at a
known concentration

Pump

Pump
Pumps eluent through the system
at a constant flow rate

—

Autosampler

Oven

Injection valve 1

Column

Oven

Used to keep all sample
carrying components at
required temperature
avoiding precipitation
and system blockage

1

Detector(s)

Column

Performs the GPC/SEC
separation, resolving sample
on the basis of size in solution

Detector(s)

Standards kit

Used to calibrate the column to show
the relationship between retention
and molecular weight

Standards kit

Data recorder and analyzer

Detect resolved components of sample eluting from the
column; may also measure the specific properties of

polymer molecules

Figure 1. Schematic of a GPC system for polyolefin analysis




Sample preparation

Preparing polyolefin samples is time-consuming because high
temperatures and long heating times are required to dissolve the
sample (Table 2). Many polyolefins also display a lower density
than common analytical solvents such as TCB, and so agitation
of the sample is essential to ensure complete dissolution.
Filtration may also be necessary to remove insoluble material
such as fillers.

Table 2. Preparing a polyolefin sample for analysis

Typical . Typical
Material concentration Tz::al(;:(r;;p heating time
(mg/mL) b (h)
Olefin wax 2t03 150 1
General PE or PP 2 150 4
Ultra-high-molecular- 025 10 05 150 4108

weight polyolefin

Agilent PL-SP 260VS Sample
Preparation System

The PL-SP 260VS is designed for the manual dissolution and
filtration of samples such as polyolefins prior to GPC analysis.
The unit combines controlled heating across a temperature
range of 30 to 260 °C (+ 2 °C), with gentle agitation, user-
selectable between 85 to 230 (+ 10%) rpm. With its temperature
range and speed capabilities, the PL-SP 260VS is ideal for a
wide range of polymer types, including even the most difficult of
samples such as ultra-high-molecular-weight polyethylene.

Choice of vial types

The removable aluminium blocks for the heated compartment
are available in several formats to accommodate a variety

of vial types. The Standard Accessory Kit is used with

standard sample preparation 20 mL vials (supplied) and either
PL-GPC 220 2 mL autosampler vials or 4 mL autosampler vials
from other vendors. The Custom Accessory Kits let you choose
alternative vials, if necessary.

Agilent PL-SP 260VS Sample Preparation System

Efficient dispensing

A unique pipettor device efficiently dispenses filtered sample
solution from the sample preparation vial directly into destination
(autosampler) vials with minimal handling.

Choice of filtration media

Filtration of polyolefin samples is often required to remove
insoluble fillers or gel content (Figure 2). Two filter media
are available:

+ Glass-fiber (nominal porosity 1 um) — the preferred system for
general applications (Figure 2)

+ Porous stainless steel (nominal porosity 0.5, 5, and 10 pm)

Figure 2. Filtering a carbon black polyethylene solution — 1. without filtration,
2. after filtration using a 1 ym glass-fiber filter



System, software and standards

The Agilent PL-GPC 220 Integrated
GPC/SEC System for polyolefin analysis

The PL-GPC 220 is a leading system for the analysis of
polyolefins at high temperature. Containing a number of features
that have been specifically designed for polyolefin analysis, the
PL-GPC 220 is the most versatile instrument for gel permeation
chromatography.

Widest temperature range

The PL-GPC 220 features the widest operating range available:
30 to 220 °C, permitting analysis of virtually any polymer in any
solvent. The multi-heater, forced-air oven is extremely stable,
and accurately controls the temperature to within 0.05 °C. This
minimizes detector baseline drift, ensuring the reproducible
retention times so important in GPC.

High-precision isocratic pump — unrivalled
reproducibility for precise results

The PL-GPC 220 incorporates a high-precision pump for the best
pump performance available. Unbeatable flow reproducibility of
0.07% is achieved, not only in THF at near-ambient temperature,
but also in TCB at temperatures above 140 °C.

Easy-access oven — changing columns and
routine maintenance made simple

The column oven can comfortably hold six, 300 x 7.5 mm
GPC columns. The oven operates at a convenient angle to
allow for easy access for changing columns and the injector
loop, providing comfortable and safe operation.

Agilent PL-GPC 220 Integrated GPC/SEC System

Enhanced Rl sensitivity and stability

The improved refractive index (RI) detector includes a new
photodiode and uses fiber optic technology to maximize
sensitivity while minimizing baseline drift and noise, vital
for good GPC/SEC. This RI detector delivers outstanding
signal-to-noise ratios, even at 220 °C (Figure 3).

Conditions

Columns: 2 x Agilent PLgel 10 pm MIXED-B,
300 x 7.5 mm (Part No. PL1110-6100)

Flow Rate: 1 mL/min

Inj Vol: 200 pL

Detector: PL-GPC 220

Peak Identification
1. Mp = 1,460,000, conc. = 0.62 mg/mL
2. Mp = 9,860, conc. = 1.08 mg/mL

1 2
TCB
CN — /\
| ——
10 S\ min 24
12 min 18

Figure 3. Excellent signal-to-noise demonstrated in the separation of
polystyrene standards

Safety first — solvent leak detection and
automated shutdown

Agilent’s GPC/SEC systems incorporate integral sensors that
constantly monitor the system. Vapor sensors are fitted in
both the solvent module and column oven. The sensors can be
programmed for sensitivity according to the solvent in use.



In the case of an unattended error, the system selects and
activates the appropriate shutdown sequence depending on the
nature of the error. Low solvent flow will be maintained, where
possible, to avoid damage to valuable GPC columns.

An audit trail feature offers full status and error logging for
system traceability.

Customized upgrade solutions

The oven easily handles multiple-detector upgrades such as
light scattering and viscometry, and coupling to other techniques
such as TREF (temperature rising elution fractionation), FTIR
(fourier transform-infrared spectroscopy) and ELSD (evaporative
light scattering detection). The oven holds up to four detectors
in combination. For example, integrating RI, viscometry and light
scattering would provide complete polymer characterization.

PC control — easy to program, easy to use

The PL-GPC 220 system for polymer characterization up to

220 °C features intuitive, comprehensive PC software control for
full and flexible system management. With safety a pre-requisite,
PC control uniquely permits remote use so that you do not need

to be in the laboratory.

Interactive color-coded graphics provide ease-of-use. Simply
click on the color-coded modules via the main screen to alter
any run parameters. Flow rate, temperature and autosampler
sequence are quickly and easily updated, and on-screen help is
always available, if required (Figure 4).

Figure 4. Software control of the PL-GPC 220

The time estimator calculates the amount of solvent you will
need to run your samples. Input the day and time you want the
system to start, then load your samples into the autosampler and
let the PL-GPC 220 take care of the analysis for you.

The PL-GPC 220 is designed for true unattended operation.

The system gradually heats to the analysis temperature, while
the pump maintains a low flow of solvent through the column
set. Once temperature is reached and stable, the pump ramps
gradually to the flow rate required to run your sample. The
PL-GPC 220 then automatically purges the Rl detector and
autozeros the baseline. Detector output is monitored and when
stable, the autosampler loads and injects the first sample.
Once the run sequence is complete, the flow rate automatically
reduces to conserve solvent.

Integrated solvent delivery — safety by design

The solvent module in the PL-GPC 220 provides a safe, controlled
environment in which solvent and waste are managed. Solvent
handling is fully integrated and vented for operator safety, and
the system does not need to be located in a fume hood.

The PL-GPC 220 includes an integral solvent degasser with a
choice of solvent reservoir from 2 L bottles up to a 13 L stainless-
steel tank. The solvent delivery module is thermostatically
controlled to 30 °C, which ensures efficient, continuous and
reproducible solvent delivery, even if the solvent is viscous or
may be solid at near-ambient temperature (Figure 5).

Figure 5. Agilent PL-GPC 220 integrated solvent delivery system



Dual-zone-heated autosampler — no degradation
of samples before injection

Agilent’s innovative autosampler accommodates 39 samples

in industry-standard 2 mL vials. Injection precision has been
measured at better than 1% RSD with no cross contamination
between samples, and without the need for rinse vials. The
autosampler design features dual-zone heating to minimize
thermal degradation. The warm and hot zones are independently
programmable from ambient to 220 °C, and so the samples in
the carousel waiting for injection are maintained at a lower
holding temperature, then heated to analysis temperature prior
to injection.

The vial is transferred to the column oven where the sample
equilibrates before injection. This minimizes baseline disturbance
and completely eliminates the risk of sample precipitation.

Agilent Cirrus GPC Software —
the universal GPC solution

Cirrus is the powerful suite of GPC/multi-detector software from
Agilent. Polymer Laboratories, now a part of Agilent, has been

a supplier of industry-standard GPC software since the 1980s.
Cirrus makes GPC calculations easy, whether in conventional
GPC using a concentration detector or for multi-detector analysis
with light scattering and viscosity.

Integration with existing LC software

Powerful, yet easy to use and learn, Cirrus is available for
standalone GPC or for integrating GPC with LC. Cirrus utilizes the
latest advances in software design to provide comprehensive
calculation options, customized reporting, and high-resolution
data capture with the Agilent PL DataStream.

Modular, flexible, and scalable

Cirrus is made to grow as your needs change. A suite of modules
provides support for a variety of GPC techniques, such as
multi-detector GPC, online FTIR detection and short-chain
branching (SCB). Cirrus can be run on a standalone PC or provide
a networked GPC solution.

Easy-to-use interface

Cirrus uses an intuitive graphical-user interface, so
straightforward that new users can report results within an hour
of installing the software. Cirrus is based on Agilent’s Workbook
concept to provide:

+ A simple ‘container’ for data, parameters and results

+ Automatic archiving of chromatograms, calibrations,
and results

+ Data traceability and data integrity

+ Templates allowing predefinition of parameters and report
content

Comprehensive calibration and
calculation options

Cirrus offers a choice of calibration options.

+ Conventional calibration using narrow standards

+ Universal Calibration by viscometry or using
Mark-Houwink coefficients

+ Replicate entries of calibration points
 Three broad-standard calibration methods

+ Averages and distributions can be calculated for any number
of peaks in a chromatogram

+ % of material can be reported for specific MW limits

A calibration overlay facility lets you view the effects of column
performance over time.

Reviewing, collating, and condensing results

Cirrus meets the requirements of both QC/Routine and R&D
environments, providing fully automated or interactive analysis.
The software offers a number of powerful options to review,
compare and extract information from archived data and results
for inclusion into final reports.



Chromatograms and results can be reviewed both textually
and graphically. This information can be exported in a variety of
industry-standard formats. A powerful report designer provides
total flexibility in report content and presentation. In Cirrus, all
parameters relating to a chromatogram or results file are easily
accessible via a comprehensive range of export options. Cirrus
also ensures that data integrity and traceability are maintained
throughout all operations.

Standards for column calibration
in polyolefin analysis

Polymer standards from Agilent Technologies are the

ideal reference materials for generating accurate, reliable
GPC/SEC column calibrations, with the assurance of the

IS0 9001:2000 quality standard. Additional applications for our
highly characterized homopolymers exhibiting unique

Table 3. Standards selection guide

characteristics are as model polymers for research and analytical
method development. These quality polymer standards are
supplied with extensive characterization that utilize a variety of
independent techniques (e.g. light scattering and viscometry)
and high performance GPC to verify polydispersity and assign
that all important peak molecular weight (Mp).

For polyolefin analysis, polyethylene and polystyrene standards
are commonly employed. Agilent provides you with the

widest choice of these materials to maximize your specific
characterization needs. In addition, we supply other polymers as
individual molecular weights, and broad distribution polymers for
system validation or broad standard calibration procedures.

A range of polymer standards available from Agilent are listed

in Table 3.

Polymer type Individual Mw Calibration kits Agilent EasiCal Agilent EasiVial Type of GPC/SEC
Polystyrene Yes Yes Yes Yes Organic
Polymethylmethacrylate Yes Yes Yes Organic
Polyethylene Yes Yes Organic

10



Recommendations for setting up a

GPC/SEC system for polyolefin analysis

The following questions will help you find the recommended
columns and standards for any given application, as well as the
system parameters such as injection volumes.

Choosing a column for GPC/SEC of polyolefins
Columns shown in bold are the best initial choice

Question

Answer

Recommendation

Comments

1. What is the expected molecular weight?

It may seem strange to ask this question,
but in GPC/SEC the resolution of a column
is related to the resolving range. Knowing
something of the expected molecular
weight of a sample helps to choose the best
column that will give optimum results.

High (up to
several millions)

PLgel Olexis

PLgel Olexis is specifically designed for polyolefin analysis, offers
optimal performance, also suitable for light scattering

PLgel 10 um MIXED-B
or
PLgel 20 um MIXED-A

The PLgel MIXED-A column resolves higher than the PLgel MIXED-B
but at lower efficiency due to larger particle size

PLgel MIXED-B LS or
PLgel MIXED-A LS

Suitable for light scattering

Intermediate (up
to hundreds of
thousands)

PLgel 5 pm MIXED-C or

PLgel 5 pm MIXED-D

These PLgel columns are the most widely applicable for the
majority of applications

Low (up to tens of

PLgel 5 pm 500A

The PLgel column provides high resolution and is designed for low-

thousands) molecular-weight applications

Very low (a few PLgel 5 pm 100A The PLgel column gives high resolution at low Mw
thousand)

Unknown PLgel Olexis This PLgel column is designed for polyolefin analysis

2. How many columns to use?

The greater the particle size of the media

in the column (which is dependent on the
expected molecular weight of the samples),
the lower the resolution and the more
columns are required to maintain the quality
of the results. For higher molecular weight
samples, larger particles are necessary to
reduce the danger of shear degradation of
samples during analysis.

Depends on the
particle size of the
columns

Particle size 20 ym,
use 4 columns

Particle size 13 ym,
use 3 columns

Particle size 10 ym,
use 3 columns

Particle size 5 pm,
use 2 columns

Increased number of columns required for large particle sizes to make
up for low efficiences — PLgel Olexis is 13 pm

3. What standard is best?

Depending on analysis there are
two options.

Polystyrene (PS) or
polyethylene (PE)

Polystyrene is the most commonly used standard in convenient
EasiVial format, polyethylene is useful for generating PE based
molecular weights

"



Columns for GPC analysis of polyolefins

Agilent produces a broad array of columns for the analysis
of synthetic polymers and many of them are suitable for the
analysis of polyolefins. However, the PLgel Olexis column

is specifically designed for polyolefins with a wide range of
molecular weights.

Agilent PLgel Olexis

PLgel Olexis is the optimum column choice for the analysis

of very high-molecular-weight polymers such as polyolefins.
Designed and manufactured specifically for these compounds,
the column resolves up to 100,000,000 g/mol (polystyrene in
THF). Packed with 13 pm particles for maximum resolution
with minimal polymer shear, the columns also operate up

to 220 °C for the analysis of highly crystalline materials. The
column packing exhibits the excellent mechanical stability and
robustness expected from the PLgel product range.

No shear degradation

The columns have a particle size of 13 um, selected to give

good efficiency in excess of 30,000 plates/m. In addition, the
excellent size consistency of the particles (Figure 6) results in
a very narrow particle size distribution that ensures no shear

degradation.
PLgel Olexis
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Figure 6. The superior size consistency of PLgel Olexis particles is clearly evident
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High resolving range

Many new types of polyolefins have been developed recently
with very high polydispersities. Determination of accurate
polydispersities and modalities is critical in the research and
development of these new polymers. PLgel Olexis completely
satisfies this demand, for all polyolefin applications up to
100,000,000 g/mol.

Easy extrapolation

The large pore size of the particles makes them effective with
many types of polyolefin. Linearity was introduced into the
Agilent manufacturing process as a control criterion to ensure

linear resolution across the operating range (Figure 7). The result

is simplified extrapolation for calibrations.

12

Log M

2.70

0.350 Relative retention volume 0.950

Figure 7. Some of the components of PLgel Olexis that contribute to its lack
of artifacts



One column for all polyolefin applications

As the packing material in PLgel Olexis is an accurate blend
of many components, smooth distributions are produced that
truly reflect the sample composition (Figure 8). Dislocations
are absent, so you can be sure that any unusual peak shapes
represent the true nature of the sample and are not artifacts.

7

Log M

14 Retention time (min) 24

Figure 8. Careful blending delivers highly linear polystyrene calibrations
with PLgel Olexis in TCB

The quality of the blending in PLgel Olexis columns means that
polyolefins of very different polydispersity can be confidently
analyzed on the same column set. Once again, PLgel Olexis
provides trustworthy, clean and mono-modal peaks.

13




Polyolefin applications

The applications in this booklet illustrate the diversity of
polyolefin samples, and reveal the flexibility of PLgel columns
and the necessity for the PL-GPC 220 in addressing the analysis
of such compounds.

Columns for high-molecular-weight
polyolefins

Polyolefins range from low-molecular-weight hydrocarbon waxes
to ultra-high-molecular-weight rigid plastics. The molecular
weight distributions of polyolefins is directly related to physical
properties such as toughness, melt viscosity and crystallinity.
High-molecular-weight polyolefins tend to exhibit very broad
molecular weight distribution (MWD). For such samples, small
particles with small pore sizes are not desirable since shear
degradation may occur, and so the high-pore-size particles of
PLgel Olexis are recommended.

Conditions
Samples:  Polyethylenes
Columns: 3 x PLgel Olexis,

300 x 7.5 mm (Part No. PL1110-6400)

Eluent: TCB + 0.015% BHT

Flow Rate: 1 mL/min

Inj Vol: 200 pL

Temp: 160 °C

Detector:  PL-GPC 220 (RI) + viscometer

Artifacts known as dislocations can arise in blended columns,
resulting from a mismatch of the pore volume of components

in the blend. Dislocations lead to false modalities and
polydispersities. Avoiding dislocations was an integral part of the
design brief for PLgel Olexis columns. Accurate blending of these
components produces a column that gives a smooth molecular
weight distribution, providing a true reflection of the shape of the
MWD (Figure 9). PLgel Olexis is perfect for studies that require
accurate polydispersity index and modality information.

14

dw/d Log M

o

3 Log M 7

Figure 9. True representation of polyolefin molecular weight distribution with
PLgel Olexis

Figure 10 shows a range of polyolefin samples analyzed on a
PLgel Olexis column, covering the spread of molecular weights.
There are no dislocations and the peak shape of the very broad
samples shows true sample modality.

dw/d Log M

o

Figure 10. PLgel Olexis reveals true modalities across the range of polyolefins

Given the accurate resolving power of PLgel Olexis you can be
sure that unusual peak shapes are real and not artifacts; unusual
peak shapes of some samples will be true reflections of their
modality. This is important for studies into reaction mechanisms
and catalyst behavior (Figure 11).

—_

dw/d Log M

o

Log M

3 7

Figure 11. A true change in peak shape revealed by PLgel Olexis of a
multi-modal material manufactured from a multi-site catalyst



Columns for lower-molecular-weight
polyolefins

Crude oil, or petroleum, is the main source of organic chemicals
for industry. The major chemicals are derived from two
constituents of oil, xylene and naphtha. These raw materials are
then broken down into more basic products, e.g. polyethylene,
polypropylene, elastomers, asphalts and liquid hydrocarbons.
Characterization of such products is commonly achieved

using GPC. This involves a liquid chromatographic separation
from which a molecular weight distribution calculation can be
made following calibration of the system with suitable polymer
standards. The diversity of petroleum products demands a variety
of GPC column types for optimized analysis. Low-molecular-
weight liquid hydrocarbons require high resolution of individual
components. This is illustrated in Figure 12, where three linear
hydrocarbons are resolved easily to base-line in a reasonably
short analysis time.

Conditions

Samples:  Linear hydrocarbons

Columns: 2 x Agilent PLgel 5 um 100A,
300 x 7.5 mm (Part No. PL1110-6520)

Eluent: TCB
Flow Rate: 1 mL/min
Temp: 145 °C
Detector:  PL-GPC 220
Peak Identification 3
1.Cy H,
é' gZZ :46

U147 730 2

1
10 min 17

Figure 12. Linear hydrocarbons separated to base-line on a PLgel column set
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Figure 13 shows the separation of a selection of low-molecular-
weight linear hydrocarbons.

Conditions

Samples: Linear hydrocarbons

Columns: 2 x Agilent PLgel 3 um 100A,
300 x 7.5 mm (Part No. PL1110-6320)
Eluent: TCB
Flow Rate: 0.8 mL/min
Inj Vol: 20 pL
Temp: 145 °C
Detector:  PL-GPC 220
Peak Identification
1.C, o
2. Cz4 34
3.C, 13
4.C,
5' C12
A
0 min 25

Figure 13. Separation of low-molecular-weight hydrocarbons

The PLgel 100A columns have a GPC exclusion limit of 4,000
molecular weight (polystyrene equivalent). Intermediate products
can be analyzed using the PLgel MIXED-D column that has a
linear molecular weight resolving range up to an exclusion limit
of around 400,000 molecular weight. The 5 pm particle size
maintains high column efficiency and thus fewer columns are
required and analysis time is relatively short.



Figure 14 shows a chromatogram of a relatively low-molecular-
weight hydrocarbon wax obtained on PLgel 5 ym MIXED-D
columns.

Conditions
Samples: Linear hydrocarbons

Columns: 2 x Agilent PLgel 5 ym MIXED-D,
300 x 7.5 mm (Part No. PL1110-6504)

Eluent: TCB

Flow Rate: 1 mL/min
Inj Vol: 200 pL
Temp: 160 °C

Detector:  PL-GPC 220

0 min 21

Figure 14. A low-molecular-weight wax

Figure 15 shows the analysis of an asphalt used in road
surfacing. Subsequently derived information regarding the
molecular weight distribution of such materials is invaluable in
determining their processibility and final properties.

Conditions

Columns: 2 x PLgel 5 pm MIXED-D,
300 x 7.5 mm (Part No. PL1110-6504)

Eluent: THF
Flow Rate: 1 mL/min
Temp: 40 °C
Detector:  RI
9 min 22

Figure 15. Fast analysis of asphalt on PLgel 5 ym MIXED-D columns
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Repeatability study 1

A commercial sample of high-density polyethylene (HDPE) was
prepared at 2 mg/mL using the PL-SP 260VS Sample Preparation
System, with a dissolution temperature of 160 °C and a
dissolution time of two hours. Eight aliquots of the master

batch solution were dispensed into PL-GPC 220 autosampler
vials and placed in the autosampler carousel of the PL-GPC 220
where the hot zone temperature was 160 °C and the warm zone
80 °C (Figure 16).

Conditions

Columns: 3 x PLgel 10 ym MIXED-B,
300 x 7.5 mm (Part No. PL1110-6100)

Eluent: TCB + 0.0125% BHT
Flow Rate: 1 mL/min

Inj Vol: 200 pL

Temp: 160 °C

Detector:  PL-GPC 220

5 min 32

Figure 16. Overlay of the raw data chromatograms obtained for eight consecutive
injections of HDPE



The data were analyzed against a polystyrene standards
calibration using the following Mark-Houwink parameters to
obtain the polypropylene equivalent molecular weight averages
that are shown in Table 4.

Polystyrene in TCB' K=12.1x10° a =0.707
Polyethylene in TCB? K=40.6 x 10° a=0.725

Table 4. Summary of results from eight injections of HDPE

Injection number Mn Mp Mw
1 17,289 76,818 333,851
2 16,988 77,434 335,496
3 17,428 71514 332,616
4 17,521 77,052 335,635
5 17,348 76,520 334,212
6 17,487 71,728 333,511
7 16,898 71,578 335,642
8 17,457 77,288 334,923
Mean 17,302 77,241 334,485
Std Dev 220 387 1,048
% Variation 1.3 0.5 0.3

Figure 17 shows an overlay of the molecular weight distribution
calculated for the eight consecutive injections of the HDPE
sample, and illustrates the excellent repeatability obtained with
the PL-GPC 220 using PLgel 10 um MIXED-B columns.

dw/d Log M

2 Log M 7

Figure 17. Molecular weight overlay of eight consecutive injections of HDPE
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Repeatability study 2

A commercial sample of high-density polypropylene (HDPP)
was prepared at 1.5 mg/mL using the PL-SP 260VS Sample
Preparation System with a dissolution temperature of 160 °C
and a dissolution time of two hours. Six aliquots of the master
batch solution were dispensed into PL-GPC 220 autosampler
vials and placed in the carousel where the hot zone temperature
was 160 °C and the warm zone 80 °C.

Figure 18 shows an overlay of the raw data chromatograms
obtained for six consecutive injections of the sample.

7 min 32

Figure 18. Overlay of the raw data chromatograms obtained for six consecutive
injections of HOPP



The data were analyzed against a polystyrene standards
calibration using the following Mark-Houwink parameters to
obtain the polypropylene-equivalent molecular weight averages
that are shown in Table 5.

Polystyrene in TCB' K=12.1x10° a = 0.707
Polypropylene in TCB? K=19.0 x 10% a = 0.725

Table 5. Overlay of the raw data chromatograms obtained for six consecutive
injections of HDPP

Injection number Mp Mn Mw
1 127,132 65,086 185,795
2 131,893 65,089 185,236
3 128,673 66,802 186,202
4 132,062 67.417 188,048
5 131,625 69,320 188,679
6 130,227 69,677 186,188
Mean 130,202 67,232 186,691
Std Dev 1,693 1,815 1,239
% Variation 0.13 2.70 0.66
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Conditions
Columns: 3 x PLgel 10 ym MIXED-B,

300 x 7.5 mm (Part No. PL1110-6100)

Eluent: TCB + 0.0125 BHT
Flow Rate: 1 mL/min

Inj Vol: 200 pL

Temp: 160 °C

Detector:  PL-GPC 220

Figure 19 shows an overlay of the molecular weight distribution
calculated for the six consecutive injections of the HDPP sample
that illustrates the excellent repeatability obtained with the
PL-GPC 220 using PLgel 10 pm MIXED-B columns.

dw/d Log M

3 Log M 7

Figure 19. Molecular weight overlay of six consecutive injections of HDPP
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Specialist detectors

Multi-detector options for
polyolefin analysis

Conventional GPC employs a refractive index or other
concentration detector. However, polyolefins can be analyzed by
multi-detector GPC that combines a concentration detector with
a viscometer, a static light scattering detector, or both.

GPC viscometry — analysis using a
concentration detector and viscometer

A viscometer may be housed inside the oven of the

PL-GPC 220 to allow analysis of polyolefins by GPC viscometry.
Using GPC viscometry, molecular weights are determined using
the Universal Calibration method. A plot of molecular size as

log (molecular weight x intrinsic viscosity) versus retention time
is constructed for a series of narrow standards, based on the
relationships in Equations 1 and 2.

Equation 1:
Hydrodynamic volume a molecular weight x intrinsic viscosity
Equation 2:

Log (MW x intrinsic viscosity) versus retention time = log
(hydrodynamic volume) versus retention time

PLgel Olexis columns are separated and calibrated in terms of
size and so a Universal Calibration is obtained (Figure 20).

©

Log (Mw x IV)

o

14 min 24

Figure 20. Multi-detector GPC Universal Calibration of a PLgel Olexis column
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The Universal Calibration technique gives polyolefin molecular
weights regardless of the calibrants used in the analysis. This
allows cheaper calibrants such as polystyrene to be used while
still providing accurate polyolefin results.

* Intrinsic viscosities are measured from the viscometer and
concentration detector

* Accurate molecular weights are calculated assuming that the
sample obeys the Universal Calibration (pure size exclusion is
obtained)

* Radius of gyration is calculated using a model for the polymer
behavior in solution

GPC light scattering — analysis
employing a concentration detector and
a light scattering detector

A dual-angle light scattering detector can be sited inside the
oven of the PL-GPC 220 to allow analysis of polyolefins by
GPC light scattering, employing the dissymmetry method.

In GPC light scattering, accurate molecular weights are
determined directly by using the response of the light
scattering detector and the intensity of scattered light, as
described in Equation 3.

Equation 3:
Ry = CM (dn/dc)* P.K,

R, is the detector response, CM is concentration x mass,
dn/dc is the specific refractive index increment, P is
the particle scattering function and K is the light
scattering constant.

+ Molecular weights are calculated directly from the light
scattering response, calculating the particle scattering
function from the ratio of intensities at 15° and 90°

* Radius of gyrations are determined from the particle scattering
function by comparison of the two angles, but only if the
molecule is over about 10 nm in size and the scattering
intensity shows angular dependence

« Intrinsic viscosity is calculated using a model for the polymer
behavior in solution



GPC triple detection — analysis using
concentration, viscometry and light
scattering data

In this technique, both a viscometer and a dual-angle light
scattering detector are housed inside the PL-GPC 220. With
GPC triple detection, molecular weights are determined directly
using the response of the light scattering detector as

described above.

* Molecular weights are calculated directly from the light
scattering response, calculating the particle scattering
function from the ratio of intensities at 15 © and 90 °

* Radius of gyrations are determined from the particle scattering
function by comparison of the two angles but only if the
molecule is over about 10 nm in size and the scattering
intensity shows angular dependence

* Intrinsic viscosity is calculated from the viscometer trace
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Comparisons between conventional GPC,
GPC viscometry, GPC light scattering and
GPC triple detection

Conventional GPC using only a concentration detector generates
molecular weights on the basis of comparison to a series of
calibration standards. However, unless the standards and
samples are of the same chemistry and therefore same size

in solution at any given molecular weight, the results are only
relative as the GPC column separates on the basis of size

not molecular weight. Conventional GPC only gives accurate
results if standards of the same chemistry as the samples under
investigation are used.

GPC viscometry and GPC light scattering, or GPC triple detection,
can be used to determine “absolute’ molecular weights of
samples, independent of the chemistry of standards used in

the column calibration (GPC viscometry) or independent of
column calibration entirely (GPC light scattering and GPC

triple detection).

The values of molecular weight can vary between these
techniques because the viscometer and light scattering
detectors respond to different properties of the polymer, the
viscometer to molecular density, and the light scattering detector
to size in solution. Therefore, molecular weights calculated by
these approaches will not necessarily have the same values.



Branching

Comparing long-chain branching
in polyethylenes

Multi-detector GPC combined with branching calculations is an
excellent way of comparing and identifying different kinds of
polyethylene. These different materials, although of the same
basic chemical structure, differ in their mode of manufacture and
have very different physical properties.

LDPE — low-density polyethylene

Low-density polyethylene was the first grade of polyethylene
manufactured in the 1930s. It exhibits relatively low crystallinity
compared to other forms of polyethylene due to the presence

of long branches on the polymer backbone (on about 2% of the
carbon atoms). As a result, the tensile strength of the material is
lower while resilience is higher. These long-chain branches are
a result of ‘backbiting’ reactions in the synthetic processes used
to manufacture the material. Multi-detector GPC can measure
the level of branching in LDPE.

HDPE - high-density polyethylene

High-density polyethylene is manufactured using different
catalysts than those used for LDPE, selected to give very low
levels of branching from the backbone. HDPE therefore has
higher density and crystallinity than LDPE, resulting in a tougher,
more temperature-stable product. HDPE does not display
long-chain branching.

LLDPE — linear low-density polyethylene

Linear low-density polyethylene is a newer material
manufactured by incorporation of small quantities of alpha-
olefins such as butane, hexane or octene into the polymer.
LLDPE materials are more crystalline than LDPE, but are
elastomeric and have a higher tensile strength and puncture
resistance. Multi-detector GPC employing a viscometer
and/or light scattering detector cannot be used to investigate
the branching in LLDPE as changes in the density and size

of the molecules compared to linear materials are very small
and cannot be detected. GPC-FTIR is employed for short-chain
branching analysis, as discussed on page 24.
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Investigating branching in polyolefins

In multi-detector GPC, branching is assessed by investigating
changes in molecular size or intrinsic viscosity as a function of
increasing molecular weight. In all cases for polymers of the
same chemistry, branched molecules always have lower

Rg and IV values than linear analogs due to the presence of
branch points.

In all methods, branching calculations can be performed on
either the intrinsic viscosity (measured or calculated) or radius
of gyration (measured or calculated) data. The quality of the
branching results will depend on the quality of the source data
(intrinsic viscosity or radius of gyration). Contraction factors
are determined from the Mark-Houwink (log intrinsic viscosity
versus log MW) or conformation (log radius of gyration versus
log MW) plots using the relationships in Equation 4.

Equation 4:
Radius of gyration contraction factor

g= (" Rgbranched

_ Rglinear ) MW
Intrinsic viscosity contraction factor

g'=( IVbranched )

L IV linear _J MW

where g = g'(V/e
€ (structure factor) = 0.5 to 1.5, typically 0.75

The value of g (directly or taken from the value of g’ and an
estimation of the structure factor, typically 0.75) is used along
with the branching repeat unit (the molecular weight of the
monomer multiplied by 1,000) to obtain branching numbers using
a branching model. In the absence of structural data for the
sample, a number-average ternary-branching model is used as
shown in Equation 5.

Equation 5:
g=[(1+B,/7)"2+ 4B /9m]

where B_ = branches per 1,000 carbons



Branching numbers are expressed as number of branches per
1,000 carbons (from polyethylene investigations). If the polymer
in question is not polyethylene then the actual branching number
may not be directly meaningful. However, comparison between
samples is still possible.

Analysis of branching in polyethylenes

Samples of LDPE, HDPE and LLDPE were analyzed with the
PL-GPC 220 by triple detection.

Conditions

Columns: 3 x PLgel Olexis,
300 x 7.5 mm (Part No. PL1110-6400)

Eluent: TCB + 0.015% BHT

Flow Rate: 1.0 mL/min

Inj Vol: 200 pL

Temp: 160 °C

Detector:  PL-GPC 220 (RI) + viscometer + dual-angle light scattering

Refractive index, dual-angle light scattering and viscometry
detectors were employed and the data was analyzed with
Cirrus GPC Multi Detector Software. A polystyrene standard
was used to generate the detector constants for the triple
detection analysis.

Figure 21 shows the molecular weight distributions for the three
samples. Although there was some overlap, the samples clearly
had significantly different molecular weights.

—_
o

dw/d Log M
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1 Log M 9

Figure 21. Overlaid molecular weight distributions for three samples of
polyethylene, HDPE — black, LLDPE — blue, LDPE — red
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Figure 22 shows the Mark-Houwink plots for the three samples
using intrinsic viscosities generated from the viscometer and
molecular weights from the light scattering detector.

=
=

35 Log M 65

Figure 22. Overlaid Mark-Houwink plots for three samples of polyethylene,
HDPE — black, LLDPE — blue, LDPE — red

The Mark-Houwink plot describes the change in the viscosity
of the polymers as a function of increasing molecular weight.
The HDPE and LLDPE samples overlay on the Mark-Houwink
plot, indicating that the polymers have very similar structures.
The Mark-Houwink parameters K (the intercept) and alpha (the
slope) indicate that the materials contain no branching that
can be detected by multi-detector GPC. However, the LDPE
shows a clear deviation from the HDPE and LLDPE lines, with
a decreasing slope as molecular weight increases. This is due
to increased branching of the LDPE compared to the other
materials as molecular weight increases lead to a reduction
in viscosity.

Branching analysis of polyethylenes
with Cirrus GPC Multi Detector Software

The presence of long-chain branching (over six carbons in
length) in polyolefins strongly influences physical properties
such as melt viscosity and mechanical strength. The
distribution chain branches in polyolefins are determined by the
polymerization mechanism and there is significant interest in
the production of materials with well-defined and characterized
molecular weight and branching distributions for specific
applications.



Three samples of polyethylene, one HDPE and two LDPE, were
analyzed using the PL-GPC 220 by GPC/viscometry. Two of the
samples had been synthesized by a mechanism to promote
branching, while the third was a standard linear reference
material, NBS 1475.

Refractive index viscometry detectors were employed and the
data was analyzed with Cirrus GPC Multi Detector Software
using the Universal Calibration approach. Polystyrene
standards were used to generate the Universal Calibration
and the unbranched sample was used as a linear model in the
determination of branching.

Figure 23 shows the molecular weight distributions for the three
samples. The black plot is for the unbranched sample. Although
there was some overlap, the samples clearly had significantly
different molecular weights.

Figure 24 shows the Mark-Houwink plots for the three samples.
The upper-most sample is the unbranched material. The other
two samples have lower intrinsic viscosities at any given
molecular weight, with the unbranched polymer indicating the
presence of branching. This can be expressed in terms of g, the
branching ratio, defined in Equation 6, where € is a constant.

Equation 6:
g= [ IV branched ]'/e
IV linear
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Conditions

Samples:  Polyethylenes

Columns: 3 x PLgel Olexis,
300 x 7.5 mm (Part No. PL1110-6400)

Eluent: TCB + 0.015% BHT
Flow Rate: 1.0 mL/min
Inj Vol: 200 pL
Temp: 160 °C
Detector:  PL-GPC 220 (RI) + viscometer
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Figure 23. Molecular weight distribution plots for three
polyethylene samples — the black plot is the unbranched sample
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Figure 24. Mark-Houwink plots for three samples of polyethylene



The unbranched sample was used as the linear model and so
gives a g value of unity (except at high molecular weight due
to scatter in the data). The other two samples both exhibit a
decrease in g as a function of molecular weight, indicating that
as molecular weight increases the number of branches also
increases. Based on these calculated g values, a branching
number or number of branches per 1,000 carbon atoms can

be generated. This is achieved by fitting the data into a model.
The Cirrus GPC Multi Detector Software offers a selection of
branching models that can be employed in this approach. In
this case a model was used that calculates a number-average
branching number assuming a random distribution of branches
on the polymer. Figures 25 and 26 show the g plots and
branching number plots obtained for the samples.
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Figure 25. Branching ratio g plots for three polyethylene samples — the black
plot is the unbranched sample
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Figure 26. Calculated branching numbers as a function of molecular weight
for three samples of polyethylene — the black plot is the unbranched sample
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The results show that of the two, branched samples, the trend
in molecular weight distribution does not follow the trend in
branching distribution. The sample showing the most branching
at any given molecular weight has a lower molecular weight
than the second sample. Clearly, understanding both the
molecular weight and branching distributions will give an insight
into the processibility of the two materials.

Analysis of branching in linear
low-density polyethylene (LLDPE)

Fourier transform-infrared (FTIR) spectroscopy is a well-
established technique used in compositional analysis of
materials through the measurement of vibrational absorption
bands. Polymers typically exhibit relatively simple absorption
spectra, allowing them to be readily identified by comparison
to library data and are therefore well suited to analysis by FTIR.
Coupling FTIR detection with gel permeation chromatography is
particularly advantageous as FTIR detection can be utilized as
both concentration detector for molecular weight calculations
and as a spectroscopic tool for compositional analysis,
significantly enhancing the information available from a single
GPC experiment.

Coupling a PL-GPC 220 system to one of the range of

Agilent’s FTIR spectrometers can be achieved using the
PL-HTGPC-FTIR interface, which consists of a heated flow

cell, a heated transfer line, and a temperature control box.

The flow cell and transfer line can be heated up to 175 °C with
an accuracy of = 0.5 °C for polyolefin applications. To obtain
good quality spectra, the FTIR spectrometer is fitted with a fast
MCT (mercury-cadmium-telluride) detector. Data acquisition

is performed through the spectrometer’s time-resolved data-
acquisition software.



GPC/FTIR analysis of polyethylene

Highly crystalline polyethylene is difficult to analyze by GPC due
to its limited solubility in most organic solvents, and the high
temperatures required for dissolution (typically over 135 °C).
Trichlorobenzene (TCB) is the most commonly used solvent for
these materials. TCB is also a suitable solvent for GPC analysis
with FTIR detection as the solvent has a good absorption
window between about 3,500 and 2,700 cm™, which corresponds
to the >C-H stretching region. CH vibrations dominate the
solid-state spectra of polyethylene and so this absorption region
is of key importance.

Focusing on the >C-H stretching region, differences in the
proportions of >CH, and —CH, groups in a sample can be seen in
the relative intensities of the absorption bands. This dependence
of the infrared spectra on the presence of ~CH, and >CH, groups
can be used to measure the level of short-chain branching (SCB)
in polyethylene'. These are branches less than six carbons

long introduced by co-polymerization of ethylene with other
alpha-olefins that cannot be detected by traditional multi-
detector GPC experiments, as they do not affect the viscosity of
the polymer. The level of SCB does, however, strongly influence
crystallinity, density, and stress-crack resistance of polyethylene.
By measuring the spectra of polyethylene containing SCB, the
relative intensities of the stretching vibrations due to —~CH, and
>CH, groups can be measured and, providing that the monomers
used to introduce SCB are known, the level of SCB can be
estimated using chemometrics. Coupling the detector to a

GPC system allows the SCB to be assessed (as a function of
molecular weight).

Analysis of an ethylene-hexene copolymer
by GPC/FTIR
A sample of ethylene co-polymerized with hexane was analyzed

using the PL-GPC 220 coupled to an Agilent FTIR to assess the
levels of short-chain branching.
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Conditions

Column: 2 x PLgel QOlexis,
300 x 7.5 mm (Part No. PL1110-6400)
Eluent: Trichlorobenzene (with BHT)
Inj Vol: 200 pL
Flow Rate: 1.0 mL/min
Temp: 160 °C

Time-resolved Agilent Resolutions Pro software collecting
at 8.0 cm™ resolution with 16 scan accumulations for

11 minutes, range 3,500 — 2,700 cm™ with automatic
solvent background subtraction

Agilent PL-HTGPC-FTIR interfaced to an Agilent FTIR
spectrometer fitted with an MCT detector

Data Collection:

Detection:

Cirrus GPC-FTIR SCB software was used to perform the
experiments, calculating SCB based on a rigorous chemometrics
approach. To determine molecular weight, the FTIR data

was used as a concentration source for the generation of

Figure 27, showing an overlay of the polymer weight and
short-chain branching distribution obtained for a copolymer of
ethylene and another alpha-olefin by FTIR. Clearly, in this case
the level of co-monomer incorporation was uniform across

the distribution.
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Figure 27. Overlaid chromatogram of polymer weight and short-chain
branching distribution for a sample of ethylene-hexene copolymer
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Quantifying short chain branching microstructures in
ethylene-1-olephin copolymers using size exclusion
chromatography and Fourier transform infrared spectroscopy
(SEC-FTIR). Polymer, 43, 159-170.



Ordering Information

Description Part No. Description Part No.

Agilent PLgel 3 pm 1004, 300 x 7.5 mm PL1110-6320 Agilent PL-SP 260VS Sample Preparation System™*

Agilent PLgel 5 um 1004, 300 x 7.5 mm PL1110-6520 Agilent PL-GPC 220 Integrated GPC/SEC System PL0820-0000

Agilent PLgel 5 pm MIXED-D, 300 x 7.5 mm PL1110-6504 Agilent PL-HTGPC-FTIR**

Agilent PLgel 10 ym MIXED-B, 300 x 7.5 mm PL1110-6100 Agilent PL-BV 400HT Online Integrated Viscometer PL0810-3050

PLgel 10 pm MIXED-B LS, 300 x 7.5 mm PL1110-6100LS* Agilent PL-HTLS 15/90 Light Scattering Detector PL0640-1200

PLgel 20 pm MIXED-A, 300 x 7.5 mm PL1110-6200 Agilent custom accessory kit**

PLgel 20 pm MIXED-A LS, 300 x 7.5 mm PL1110-6200LS*

Agilent PLgel Olexis, 300 x 7.5 mm PL1110-6400

Description Part No.

Agilent Cirrus GPC Multi Detector Software PL0570-2020

Description Part No. Agilent Cirrus GPC Software PL0570-2000

Agilent PS-H EasiVial 2 mL pre-weighed polystyrene PL2010-0201 Agilent GPC-FTIR SCB Software PL0570-2300

calibration kit

Agilent PS-M EasiVial 2 mL pre-weighed polystyrene

calibration kit PL2010-0301

Agilent E-M-10 polyethylene calibration kit, 10 x 0.2 g PL2650-0101
Agilent E-MW-10 polyethylene calibration kit, 10 x 0.1 g PL2650-0102
Agilent E-SCB polyethylene short-chain branching PL2650-0103

calibration kit, 10x 0.1 g
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* Low shedding for light scattering applications
** Contact your local sales office or distributor for different options



More Agilent solutions for polyolefin analysis

As well as high-temperature GPC, Agilent offers other solutions
for the analysis of polyolefins.

FTIR

Fourier transform-infrared spectroscopy is an essential tool in
the analysis of polymer films and other materials. Applications
range from quality testing of raw materials to failure analysis of
large objects. Our solutions feature Agilent’s high performing
600-IR Series spectrometers and microscopes, software and
accessories.

The 600-IR Series accommodates a variety of polymer and
material sample types, including spray-on liquids, pastes, resins,
plastics, and coating materials. Attenuated Total Reflectance
(ATR) is the easiest method as it typically requires little to

no sample preparation. With Agilent ATR or grazing-angle
accessories, you can investigate changes in polymer surfaces
such as functionalization or weathering.

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

27

Agilent NMR has long been an effective tool for the
characterization of polymers. 1D and 2D NMR methods have
been routinely used for many years. A more advanced method
developed at Agilent uses pulsed-field gradient-heteronuclear
multiple-bond correlation with 2D NMR to detect weak signals in
the presence of much larger resonances. This technique permits
assignment of signals from minor structures such as chain ends
and defects, essential information for a full understanding of
these complex synthetic compounds.

The Agilent 400-MR provides unmatched productivity for diverse
chemical applications by combining easy-to-use software with
the outstanding performance of DirectDrive and DirectDigital
spectrometer architecture. Push-button experiments, along

with straightforward processing and data export capabilities,
make the 400-MR the best choice for compound detection,
quantification and structure confirmation.



Agilent GPC/SEC products:
www.agilent.com/chem/gpcsec

Buy online:
www.agilent.com/chem/store

Find an Agilent center in your country:
www.agilent.com/chem/contactus

U.S. and Canada:
1-800-227-9770
agilent_inquiries@agilent.com

Europe:
info_agilent@agilent.com

Asia Pacific:
adinquiry_aplsca@agilent.com

India:
india-Isca_marketing@agilent.com

This information is subject to change without notice.
© Agilent Technologies, Inc. 2011 .l
Printed in the USA January 28, 2011 ‘e®

5990-6971EN ':.:‘ Agllent TECh“OIOgieS




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


