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FWP and possible subtask under FWP:  

Solid-State NMR of Heterogeneous Polymers

FWP Number:  CMKC2761

Program Scope:  Development and application of advanced solid-state nuclear magnetic resonance (NMR) methods to elucidate the nanometer-scale structure and dynamics of heterogeneous polymer materials, in particular of nanocomposites of organic polymers and inorganic species.  Polymers intercalated in layered silicates; ionomers as used, for instance, in all-solid H2/O2 fuel cells; elastomers interacting with submicron silica or carbon-black filler particles; and the complex nanometer-scale phase structure in semicrystalline polymers after plastic deformation.  

Major Program Achievements (over duration of support):

High-sensitivity 2H NMR:  Developed the PRIDE (proton inverse detected deuteron) NMR technique, which provides a ~15-fold sensitivity enhancement in 2H NMR.  At the same time, it permits selective observation of polymer segments of reduced dynamics, for instance due to interactions with inorganic particles.  Applications to study water interacting with the polymer matrix in Nafion membranes are underway.

Clay-intercalated polymers: Copolymers of ethylene oxide and styrene mixed with clay are in close proximity to the clay particles on the nanometer length scale, but different polymer architectures result in altered PEO mobility and block-copolymer organization. 

Tie-molecule bundles in drawn polyethylene:  Discovered a major intermediate component, neither crystalline nor amorphous, in drawn polyethylene, and characterized its structure and dynamics.  Spin diffusion NMR studies strongly suggest that these are 3-nm-diameter tie-molecule bundles, which are responsible for the material’s strength.

Program Impact: 

Provided insights on the microscopic origins of macroscopic properties of heterogeneous polymers; hopefully, this will eventually lead to improved materials. The NMR techniques developed by our group have been and will be used worldwide by other NMR groups.

Interactions:

Iowa State University:  Materials Chemistry (S. Mallapragada)

Department of Polymer Science and Engineering at Univ. of Mass at Amherst

Department of Physics, Univ. of Sao Carlos, Brazil

U. S. Army Research Laboratory, Aberdeen Proving Grounds

Recognitions, Honors and Awards (at least partly attributable to support under this FWP or subtask):

Sloan Research Fellowship to K. Schmidt-Rohr (2000)

John H. Dillon Medal of the Polymer Division of the American Physical Society (2001) to K. Schmidt-Rohr

Invited Talk:  Peter Molecule Memorial Lecture to the Nuclear Magnetic Resonance Society, 

32 May 2002, by A. B. Polymer.

15 Invited talks since 2001

Personnel Commitments for FY2002 to Nearest +/-10%:

K. Schmidt-Rohr (group leader) 70%

C. D. Crosslink (post-doc) 100%

A. B. Polymer (visiting scientist from Max Planck Institut, Stuttgart) 100% time this project but only paid for 15% time by DOE  

S. Liu (student) 50% 
Authorized Budget (BA) for FY02, FY03, FY04:

FY02 BA $300,000


FY03 BA $295,000


FY04 BA $289,000


