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ANALYSIS OF GRADIENT COPOLYMERS
USING THE ECOSEC® GPC SYSTEM
INTRODUCTION

EXPERIMENTAL

Gradient sequence copolymers are novel materials which
have provoked interest due to their unique properties
compared to their random, alternating and block equivalents. Unlike block copolymers which have an abrupt change
in sequence, gradient sequence copolymers exhibit a
gradual change in co-monomer composition from one type
of monomer to another. An example of a gradient copolymer
is poly(3-hexylthiophene-b-[1-hexane]), Figure 1, which is
composed of poly(3-hexylthiophene) and poly(1-hexene).

Sample analysis was performed on a system consisting of an
EcoSEC GPC System equipped with a dual flow RI detector
and UV detector. The UV absorbance was monitored at 254
nm and 350 nm. Separation of unfiltered 10 µL injections
occurred over a column bank consisting of two TSKgel®
semi-micro SuperMultipore GPC columns and two TSKgel
semi-micro mixed bead GPC columns. The mobile phase
and solvent was THF (BDH) at a flow rate of 0.350 mL/min.
Detector, pump oven, and column oven were maintained at
40 °C. For all chromatographic determinations, results are
averages of three injections.

Applications of these materials include making phase-separated polymer blends more compatible, impact dampeners
and reinforcements1. π-conjugated gradient copolymers can
affect the phase separation in polymer/polymer and polymer/
fullerene blends. Therefore, the gradient copolymers must
be characterized carefully and a need for a method to determine molar mass averages and molar mass distributions of
these polymers is crucial.
A common way to characterize gradient copolymers is gel
permeation chromatography (GPC). Here, we report the use
of an all-inclusive GPC system, the EcoSEC GPC system for
the analysis and differentiation of the molar mass averages
and distributions of a gradient sequence π-conjugated block
copolymer and its monomers.
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The molar mass and molar mass distributions of poly(3hexylthiophene-b-[1-hexane]), poly(3-hexylthiophene) and
poly(1-hexene) were determined based on a polystyrene
calibration curve. The calibration was created for the RI and
UV (254 nm) at 40 °C using polystyrene standards with a
molar mass ranging from 500 to 7.0 × 105 g/mol. Calibration
curve data at 0.35 mL/min was fitted with a cubic function
for the SuperMultipore column set and a linear function for
the mixed-bed columns. All error values were less than 5%.
RESULTS AND DISCUSSION
The ability to characterize the molar mass averages and
distributions of a π-conjugated gradient copolymer is critical
for designing polymer blends as molar mass averages and
distributions affect the phase separation of polymer blends.
An EcoSEC GPC System housing a dual flow refractive
index detector was used to perform gel permeation chromatography analysis on poly(3-hexylthiophene-b-[1-hexane]),
poly(3-hexylthiophene) and poly(1-hexene).
The GPC chromatograms of the copolymer, poly(3hexylthiophene-b-[1-hexane]), and the two monomers,
poly(3-hexylthiophene) and poly(1-hexene), as monitored
by the dual flow RI detector and the UV detector, are shown
in Figures 2-4, respectively. The copolymer, poly(3-hexylthiophene-b-[1-hexane]), displays a distinctive bimodal
distribution while the two corresponding polymers have a
mono-modal distribution.
As seen in Figures 2-4, by comparing the retention times
of the RI response for the three samples, the later eluting
species seen in Figure 2 has the same retention time as the
poly(3-hexylthiophene), in Figure 3. The early eluting species
seen in Figure 2 elutes earlier than that of poly(1-hexene)
(Figure 4), an indication that the earlier elution species in
Figure 2 is that of the copolymer. The copolymer elutes prior
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to the corresponding polymers as it is larger in polymeric
size than the polymers.
The number, weight, and z-average molar masses, Mn, Mw,
and Mz, as determined using both RI and UV via a polystyrene
calibration curve are shown in Tables 1 and 2, respectively. The identity of the two components of the bimodal
distribution of the GPC elution profile of the copolymer,
poly(3-hexylthiophene-b-[1-hexane]), is also supported in
the comparison of the molar mass averages of copolymer
to that of the two corresponding polymers. The molar mass
of the later eluting species of the copolymer has molar mass
averages similar to that of poly(3-hexylthiophene). The early
eluting species of the copolymer has molar mass averages
and a molar mass distribution greater than that of either of
the pure polymers; an indication that through the synthesis
a copolymer was made with a greater molar mass than that
of the two corresponding pure polymers.
MOLAR MASS AVERAGES AND POLYDISPERSITY INDEX OF COPOLYMER AND CORRESPONDING POLYMERS AS DETERMINED
BASED ON RI CALIBRATION.
Sample

Mn (g/
mol)

Mw (g/
mol)

Mz (g/
mol)

PDI
(Mw/
Mn)

poly(3-hexylthiophene-b-[1-hexane]

3.46 × 105
6.43 × 103

5.12 × 105
2.58 × 104

6.81 × 105
4.75 × 104

1.48
3.88

poly(3-hexylthiophene)

1.65 × 104

2.03 × 104

2.42 × 104

1.26

poly(1-hexene)

1.24 × 105

1.79 × 105

2.21 × 105

1.45

ELUTION PROFILE OF POLY(3-HEXYLTHIOPHENE), AS MONITORED BY THE RI (BLUE) AND UV (RED).

Figure 3
ELUTION PROFILE OF POLY(1-HEXENE), AS MONITORED BY THE
RI (RED).

Table 1
MOLAR MASS AVERAGES AND POLYDISPERSITY INDEX OF COPOLYMER AND CORRESPONDING POLYMERS AS DETERMINED
BASED ON UV CALIBRATION.
Sample

Mn (g/
mol)

Mw (g/
mol)

Mz (g/
mol)

PDI

poly(3-hexylthiophene-b-[1-hexane]

8.26 × 105
8.76 × 103

1.08 × 106
2.69 × 104

1.35 × 106
6.48 × 104

1.31
3.08

104

104

104

1.21

poly(3-hexylthiophene)

1.70 ×

2.06 ×

2.44 ×

Table 2
ELUTION PROFILE OF POLY(3-HEXYLTHIOPHENE-B-[1-HEXANE],
AS MONITORED BY RI (BLUE) AND UV (RED).

Figure 4

CONCLUSIONS
A copolymer intended to be used in polymer/polymer and
polymer/fullerene blends was characterized based on the
polystyrene relative molar mass averages and distributions
as obtained by gel permeation chromatography using the
EcoSEC GPC System with both an RI and UV detector and
semi-micro TSKgel GPC columns. Through the comparison
of the GPC elution profiles and the molar mass averages
of the copolymer, poly(3-hexylthiophene-b-[1-hexane]),
and the two polymers, poly(3-hexylthiophene) and poly(1hexene) it can be concluded that the copolymer sample,
poly(3-hexylthiophene-b-[1-hexane]), contains copolymer
and excess amounts of poly(3-hexylthiophene). The GPC
elution profiles and molar mass averages of the samples
were obtained in less than fifteen minutes, thus providing
a fast and reliable method for the analysis of copolymers.

Figure 2
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