APPLICATION NOTE 034

Full Scan GPC-IR Characteriza�on of Polyoleﬁn
Copolymers & Blends
The DiscovIR-LC is a powerful new tool for materials
analysis. When connected to the outlet of a LC
column, the DiscovIR deposits LC eluants as a con�nuous solvent-free track on an infrared transparent
substrate. The built-in interferometer simultaneously
captures a set of �me-ordered infrared spectra from
the deposited track. Sample data collec�on and data
processing are executed by GRAMS AITM so�ware
resident on the DiscovIR system.
When analyzing polymers the chromatographic eluant
deposits as a con�nuous track of sample, ranging from
high molecular weight to low. This resultant map of
molecular structure of all regions of a polymer GPC
separa�on enables characteriza�on of the distribu�on
of the sample comonomers

INTRODUCTION
Infrared spectroscopy is the premier analy�cal tool for determining the composi�on and structure of polyoleﬁn
products. The coupling of IR spectroscopy with GPC/SEC chromatography provides a map of changing composi�on
across the molecular weight distribu�on.
The characteriza�on of polyoleﬁn products by FTIR has many aspects, and calls for examina�on and measurement of
adsorp�on bands across the full range of infrared spectrometers. Currently infrared ﬂow cells are used in conjuc�on
with GPC to obtain informa�on about the distribu�on of short chain branching (SCB) of polyoleﬁns by virtue of bands
in the C-H stretch region (2800-3000 cm-1). Chemometric methods are used to quan�fy the branch distribu�on.
This document describes a number of other composi�on and conﬁgura�on aspects of polyoleﬁns that can be
characterized by u�lizing the whole of the mid-infrared spectral region.
The DiscovIR, coupled with GPC, is a powerful tool for revealing composi�on and structural characteris�cs of the many
polyoleﬁn products in use.
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Present documented analy�cal procedures include:
•
•
•
•
•
•
•
•
•

Short chain branching (branch iden�ﬁca�on, amount of branching)
Iden�ﬁca�on of polyethylene type
Resolu�on of blended polyoleﬁn products
Assessment / quan�ﬁca�on of crystallinity
Polyoleﬁn copolymers – composi�onal dri�
Diﬀerent forms of HDPE, LLDPE
Polymer degrada�on
Tac�city of polymers
Addi�ves analysis

Short Chain Branching (Branch Iden�ﬁca�on, Branching Amount)
Short chain branching is a shared characteris�c of all of the low density polyethylenes. Spectral bands associated with
short chain branching can be found across the full range of mid-IR spectra. Branching is measured by virtue of the
methyl groups present on the branch moiety. GPC-FTIR ﬂow cell techniques are limited to the C-H stretch region
(2800-3000 cm-1, the only spectral window for the high boiling point solvents used for high temperature GPC). By
contrast the solvent removal inherent to the DiscovIR-LC process makes the whole mid-IR spectral range accessible to
the analyst. This opens up a wide selec�on of characteriza�on measurements, which are unavailable to users of ﬂow
cell methods of GPC–FTIR.

Figure 1. Single spectrum taken from a GPC-FTIR analysis of a butyl branched polyethylene
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Iden�ﬁca�on of the Branch Comonomer
If the comonomer is unknown, “iden�ﬁer bands” shown in the third column of Table 1 can be used to iden�fy the
branch type. If the comonomer is not known a priori, the presence of bands at 772 cm-1, 895 cm-1, and 890 cm-1 can
be used to iden�fy ethyl (minimum of 1 branch per 1000 carbons), butyl (minimum of about 5 branches per 1000
carbons), and hexyl (minimum of about 5 branches per 1000 carbons) branches, respec�vely.

Branch type
Methyl
Ethyl
n-butyl
i-butyl
n-hexyl

Bending frequency (cm-1)
1377
1379
1378
1383, 1385 (gem dimethyl)
1380

Iden�ﬁer (cm-1)
1151
772
894
1169
890

Table 1. Frequencies used to identify and quantify short chain branches

Polyoleﬁn Copolymers – Composi�onal Dri�
The sample used in Figure 1 has butyl side chain branching. It is essen�ally a copolymer of ethylene and hexene. Most
copolymers exhibit composi�onal dri� across the molecular weight range of the polymer. Composi�onal dri� will
aﬀect the physical/mechanical proper�es of polymers, and the synthesis process is designed to achieve a composi�on
dri� (or lack thereof) that maximizes product performance.
The degree of short chain branching of polyethylenes is commonly determined by measuring the intensity of methyl
bending in the 1377 - 1380 cm-1 region.
Genera�ng a ra�o chromatogram of A1378 /A1368 serves to cancel out the varying ﬁlm thickness of the deposited chromatogram. Butyl branch content was calculated from a GPC–FTIR ra�o chromatogram of A1378/A1368 and is shown in Figure
2 below. It is apparent this par�cular material exhibits a signiﬁcant increase in butyls/1000 C as a func�on of elu�on
�me.
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Figure 2. Butyl branch content as a function of elution time

Iden�ﬁca�on of Polyethylene Type
The analyst may have a need to determine whether an unknown sample is a high density (HPDE) or low density (LDPE,
LLDPE) material. HDPE is essen�ally polymethylene, and will not present a band in the 1370 cm-1 -1380 cm-1 region.
Both LDPE and LLDPE will show a band in this region. Examine bands in the 990 – 890 cm-1 region to determine the
type of LDPE. A pair of bands at 990 cm-1 and 910 cm-1 is indica�ve of a terminal vinyl group. A band at 890 cm-1 is
assigned to vinylidene. LLDPE presents a pair of weak bands at 890 cm-1 and 910 cm-1, of approximately equal intensity. LDPE presents just the 890 cm-1 band, and it is rela�vely stronger than that produced by LLDPE. In this way it is
possible to diﬀeren�ate between HDPE, LDPE and LLDPE using the infrared ﬁngerprint region.

Assessment and Quan�ﬁca�on of Crystallinity
Polyethylene, absent branching, consists of chains of polymethylene, having iden�cal conforma�on. As such they will
intrinsically manifest a high degree of crystallinity in the solid phase. Crystallinity bands arising from inter-chain
interac�ons of polyethylene can be observed in the spli�ng of the CH2 rocking band into a pair of bands at 730 cm-1
and 720 cm-1. The 1470 cm-1 band similarly exhibits crystal spli�ng. Qualita�vely, the degree of crystallinity may be
es�mated from the degree of spli�ng of these bands. The degree of crystallinity can be determined from the ra�o of
731cm-1 to 719 cm-1 peaks1.
1- ASTM D5576;

2 John Coates, Book “Infrared and Raman Analysis of Polymers”, Page 15
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Polypropylene produced by a stereoregular head-to-tail polymeriza�on is isotac�c and is also crystalline. Bands
reﬂec�ng this crystallinity are found at 1167 cm-1, 998 cm-1, 899 cm-1, and 842 cm-1. Copolymers of ethylene and
propylene may exhibit crystallinity of either comonomer, and may also exhibit changes in the degree of crystallinity in
diﬀerent regions of a chromatogram.
The degree of polyethylene crystallinity may be es�mated from a peak ra�o algorithm, which eliminates the necessity
of ﬁlm thickness measurement.2 The absorbances at 1303 cm-1 and 1901 cm-1 represent respec�vely the crystalline
and amorphous regions.
.
X= 337/[A1303/A1901 + 3.37]

X (%) = degree of crystallinity

Tac�city of Branched Polymers
Tac�city is a measurement of the stereoregularity of polymer chains possessing chiral centers. High tac�city levels are
associated with high mel�ng points, higher solvent resistance, and increased mechanical moduli. Polypropylene
produced with Ziegler-Na�a catalysts is isotac�c and crystalline.
The isotac�c polypropylene presents sharp infrared bands at 1167 cm-1, 998 cm-1, 899 cm-1, and 842 cm-1, whereas
atac�c polypropylene does not exhibit these bands.
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Figure 6 on page 8 shows a peak ra�o chromatogram of a polymer blend, in which one of the blend components was
isotac�c polypropylene homopolymer, and one was ethylene propylene copolymer. An infrared chromatogram of the
ra�o of spectral bands 1155 cm-1 and 1169 cm-1 is a plot of the concentra�on ra�o chromatogram across the elu�on
proﬁle of the sample. The molecular weight average of the two components was quite similar, but the tac�city
diﬀerence of the two components is quite evident here. It is also possible to see such tac�city proﬁles in single component copolymer samples containing blocks of diﬀerent stereo-regulari�es.
The four isotac�c polypropylene bands cited above are sensi�ve to crystallinity, and an empirical equa�on has been
developed to measure polypropylene crystallinity (reference)

Addi�ves Analysis
Polyoleﬁn products contain numerous addi�ves, including polymers as well as small molecules. The small molecule
substances o�en will be seen as a separate peak following the polymer elu�on. Extrac�on of the addi�ves, and a
reverse-phase or normal-phase chromatography run serves to provide adequate separa�on for iden�ﬁca�on of these
components by HPLC – FTIR, using the DiscovIR instrument.

Polymer Blends
Polymer blends are ubiquitous in the polyoleﬁns industry. Deformula�on of such blends is a challenging task, par�cularly given similar solubili�es and molecular weight distribu�ons of the product.
The combina�on of GPC chromatography and infrared spectroscopy of the eluant o�en provides insights into the
individual components of the blend. The following sample illustrates the ability to characterize the individual components of a blend, even when those components are not chromatographically resolved.
A three component blend material was directly injected onto the sample disk of the DiscovIR instrument. No chromatographic separa�on was u�lized. The ﬁgure below shows the bulk IR spectrum of the blend (Sample 3). A high loading
was chosen to bring up the intensity of the bands in the ﬁngerprint (1400 cm-1- 680 cm-1) region.
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Figure 3. Bulk sample of a 3-component polyoleﬁn blend

Close examina�on of the ﬁngerprint region of Figure 3 revealed a number of characteris�c bands, a few of which are
summarized in Table 2.
Wavenumber, cm-1
1168
1155
974
772
720

Possible assignment
Polypropylene (isotac�c)
Methyl Branch
Polypropylene (isotac�c)
Ethyl branch (ethylene-butene)
Polyethylene (non-crystalline)

Table 2. Tentative band assignments.
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Figure 4. Functional group chromatograms of infrared bands

Figure 4 shows some Infrared band chromatograms extracted from a GPC-FTIR run of the sample. All of the chromatograms are overlapped, but not completely. The 974 cm-1 and 1155 cm-1 chromatograms have the same reten�on �me
maxima.
The 772 cm-1 chromatogram is a bit noisy (due to the very small absorbance of this band), but appears to be generated
by a component elu�ng somewhat earlier. The 720 cm-1 chromatogram peaks earlier s�ll, and arises from a higher
MW component.
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Figure 5. Mid-IR spectra of 3-component polyoleﬁn blend (Sample 3), polypropylene
homopolymer and ethylene-propylene copolymer (Sample 2).

Figure 6. Chromatograms of a single band 974 cm-1 and band ratio 1155 cm-1/1169 cm-1
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Referring again to Figure 3, the 720 cm-1 is characteris�c of a polyethylene, and the spli�ng of this band suggests that
the ethylene content has some degree of crystallinity. These features indicate that one component of the blend is
ethylene (crystalline)/propylene (atac�c). Crystal spli�ng of the ethylene is a�ributed to this copolymer.
Polypropylene generates characteris�c bands at 974 cm-1 and 1155 cm-1, and isotac�c polypropylene produces a stronger band at 1168 cm-1. Figure 6 displays the 974 cm-1 chromatogram (blue) showing the molecular weight distribu�on
of component(s) with this characteris�c. Overlaid is a ra�o chromatogram that shows the rela�ve concentra�ons of
these components. Atac�c polypropylene will not exhibit the 1168 cm-1 band.
1. Comparison of the 1155 cm-1 and 974 cm-1 band chromatograms in Figure 6 shows there are two distribu�ons
of propylene containing polymers. The 974 cm-1 band is unique to isotac�c polypropylene.
2. The 1155 cm-1 band is common to both ethylene/propylene copolymers and polypropylene. The 1155 cm-1
band chromatogram shows a higher molecular weight distribu�on rela�ve to the 974 cm-1 band
chromatogram, indica�ng the presence of Ethylene/propylene co-polymer. Ethylene-Propylene copolymers
such as Sample 2 in Figure 5 can be synthesized with varying degrees of propylene tac�city.
3. The 772 cm-1 band chromatogram, although is indica�ve of ethylene-butene copolymer.
4. Comparison of the 720 cm-1 band chromatogram and the 772 cm-1 band chromatogram indicates there are
two ethylene containing polymers in the mixture. One is obviously ethylene/butene and its molecular weight
distribu�on is represented by the 772 cm-1 band chromatogram. The data is also consistent with a second
co-polymer of ethylene/propylene (Sample 2) with a higher molecular weight distribu�on.
These indica�ons represent a ﬁrst eﬀort at deformula�on of the blend of polymers, which includes both homopolymer
and copolymers. The characteris�c bands serve to indicate the chemical structure of the comonomers, and conﬁgura�on characteris�cs such as crystallinity and tac�city are also made evident in the spectral data set. By being able to
obtain individual band chromatograms of iden�fying characteris�cs, one can discern the composi�on of the blend
components. The use of column sets which would maximize the chromatographic resolu�on would provide more
conclusive results, as would other corrobora�ve methods.
This analysis is made possible because of the ability to capture spectral informa�on across the whole of the mid-IR
range; something not possible with the IR ﬂow-cell equipment. The informa�on u�lized comprised both primary composi�on IR bands, and bands arising from conﬁgura�on/conforma�on aspects of the materials.
In sum it appears that this blend Sample 3 consists of an ethylene-butene copolymer, an ethylene-propylene (atac�c)
copolymer, and a polypropylene (isotac�c) homopolymer.

SPECTRA ANALYSIS INSTRUMENTS, INC.
257 Simarano Drive, Marlborough, MA 01752
Tel: +1.508.281.6232 | Email: info@spectra-analysis.com

www.spectra-analysis.com

