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The conformational transitions of polymer chains in

shear flow measured by FRET

Qu Zhichao, Zhang Junsheng, Chen Wei'
(State Key Laboratory of Coordination Chemistry, Department of Polymer Science and Engineering,

School of Chemistry and Chemical Engineering, Nanjing University , Nanjing, 210023, China)

Abstract: Since the large deformation of polymers under flow is the source of nonlinear viscoelasticity, understanding
the conformational changes of polymeric chains in solutions is an essential and integral part of polymer physics. A
fluorescence resonance energy transfer (FRET) technique, which is considered as a “spectroscopic ruler” for
characterizing the distance between fluorescent donor and acceptor, has been applied to measure the FRET efficiency
between donor and acceptor labeling on single polymer molecules in shear flow (Couette flow). Chromophore pairs are
grafted randomly onto polystyrene (PS) chains, and real-time rheo-fluorescence measurements on polymers in solution, a
PS system of dilute and semidilute solution, are reported at different shear rates. The PS in Couette flow shows a
systematic increase of FRET efficiency at high shear rate, which indicates the decrease of distances between fluorescent
donor and acceptor chromophores, corresponding to a deformation of the polymer molecules with shear exposure. The
conformational transitions of PS, such as the orientation of chains at a shear rate around 500 s~ !, have also been detected

by FRET. These results indicate that FRET is sensitive for the detection of conformational transitions of polymer
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chains. FRET technique provides direct experimental evidence for the theory and simulation researches of nonlinear

rheology of polymers.

Key words: polymer solution, shear flow, conformational transition, fluorescence resonance energy transfer
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Fig.1 Schematic diagram of the couette rheofluores-

cence cell
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rate, (b) plot of I/I.for PS solution at 0.05 g*L™" poly-

mer concentration exposed to different shear rate
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Fig.4 (a) Model of polymer bead—chain in a velocity gradient"”,(b) schematic of the conformation of PS in semi-

dilute solution before shear, (c) schematic of the conformation of PS in semidilute solution at high shear rate
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