Light Scattering for the Masses™

Bottle-Brush Polymers

ottle-brush polymers are a type of high molecular
weight (MW) graft polymers with very dense and
regularly-spaced side chains. Brush polymers pos- Linear PS
sess more compact structures (smaller hydrodynamic
radius) than their linear analogs at the same MW, and
therefore they elute more slowly than their linear ana-
logs at the same MWs in the GPC column. Accordingly,
traditional GPC that is based on standard calibration
curves cannot give accurate MWs for brush polymers.
For complex polymers with non-linear architectures, it
is very important to measure the absolute MW using
light scattering. 1.0¢10%4
Recently, we have efficiently synthesized various 1
brush polymers with high MW and low polydispersity DD D D D
index (PDI) using ring-opening metathesis polymeriza- 10.0 1.0 12.0 13.0 14.0 15.0
tion of macromonomers. These brush polymers were volume (mL)
characterized using a GPC with a DAWN EOS Multi- Figure 1. Chromatographs and MW vs elution volume of a polydis-
Angle Light Scattering (MALS) detector, an Optilab DSP pefse linear PS andga n@zrrowly dispersed PS brush polécmfr. g
differential refractometer, and a ViscoStar viscometer.
Figure 1 shows MW vs elution volume for a nar-
rowly dispersed polystyrene (PS) brush polymer and
a polydisperse PS linear polymer and their chromato-
graphs from the refractometer. It can be clearly seen
that at the same elution volume, the brush polymer
has a higher MW than the linear analog as measured
by MALS. Furthermore, the MW does not change
significantly with elution volume—in contrast to the
polydisperse linear PS, thereby indicating its low PDIL
The Mark-Houwink-Sakurada plot of these two poly-
mers shows dramatically reduced intrinsic viscosity of
the brush polymer compared to the linear analog at the
same MW (Figure 2). 10,04
This note captures the essence that the three Wyatt-
detector system is a powerful tool to characterize poly- 10x10° ' ' oo
mers with non-linear architectures.
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Figure 2. Mark-Houwink-Sakurada plot of a polydisperse linear
PS and a narrowly dispersed PS brush polymer.

This note graciously submitted by Yan Xia, and Robert H
Grubbs, California Institute of Technology, Pasadena, CA.

-rechnology

CORPORATION
6300 Hollister Avenue o Santa Barbara, CA 93117
TEL (805) 681-9009 « FAX (805)681-0123
E- mall mfo@wyatt com e URL http://www.wyatt.com

DAWN?®, miniDAWN® ASTRA®, Optilab® and the Wyatt Technology logo are registered trademarks of Wyatt Technology Corporation. ©2009 Wyatt Technology Corporation 9/24/09



