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Fig. 1 Schematic of confined blobs of polymer chains with

different topologies inside a cylindrical pore
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Table 1 Molecular parameters of star polystyrene chains
Mw,dl'm M\\‘.st..u’ < Rh >
Polymer M. /M,
(g/mol) (g/mol) (nm)
Star-41 2.1x 10° 8.6x 10° 1.20 61 41.1
Star-6A 1.3 x 10° 7.5x 10° 1.20 28 6.1
Star-6B 2.1 x 10° 1.3 x 10° 1.20 41 6.1
Star-6C 3.5 x 10° 2.1x 10° 1.12 56 6.0
Star-3 2.1x 10° 6.3 x 10° 1.08 32 3.0
Linear chain 5.9 x 10° 5.9x 10° 1.0l 22 2.0
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Fig. 12 (a) Flow rate (¢) dependence of relative retention
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Theoretical results were calculated using our partially permeable
sphere model with a density profile accurately calculated from

Monte Carlo simulation.
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Fig. 17 Calculated “phase” diagram of strong and weak
confinements of hyperbranched polystyrene chains in toluene
at T = 25 C (Reproduced with permission ®’)

The dash line represents a boundary between two different

confinements, where we used D* = 20 nm, @ ~ 1.8 nm,

and Ny, ~ TNy,
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Fig. 18 Scaling exponent a dependence of y (Eq. 5)

( Reproduced with permission'®))
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Fig. 19 Pore diameter (D) dependence of critical flow
rate (¢, jipe,,) Of linear polystyrene chains in

cyclohexane at different temperatures
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Fig. 20 Schematic of two different translocation approaches of
polymer chains through nanopores: translocation from layer A
(200 nm) to layer B (20 nm), and translocation from layer B

(20 nm) to layer A (200 nm)
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Fig. 21  SEC curves of a mixture solution of PS-L and PS-S

chains after passing through 20-nm nanopores under different
flow rates with different translocation approaches: (a) from
layer A (200 nm) to layer B (20 nm) ; and (b) from layer B
(20 nm) to layer A (200 nm)
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Fig. 22 Flow rate (q) dependence of relative retention

concentration [ (¢, —¢)/c, ] of PS-L chains in toluene with

different translocation approaches ( The X-axis is presented in

log-scale (a) and linear-scale (b), respectively. )
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Fig. 23 Hydrodynamic radius distribution of a mixture of

reference , linear, and star-41 chains in toluene after the solution
being extruded through nanopores under different flow rates
Insets are corresponding time autocorrelation functions.

(Reproduced with permission'’!)
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Fig. 24 Hydrodynamic radius distribution of a mixture of

reference, linear-2, and star-3 chains in toluene after the
solution being extruded through nanopores under different flow
rates

Insets are corresponding time autocorrelation functions.

(Reproduced with permission'”))
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Fig. 25 Hydrodynamic radius distribution of a solution mixture
of linear reference and two hyperbranched chains ( HB-3. 3k,
and HB-73k ) in toluene after the solution being extruded
through nanopores under different flow rates ( Reproduced with

permission %))
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Fig. 26  Hydrodynamic radius distributions of mixtures of linear
reference with hyperbranched HB-3. 3k and HB-73k chains in
toluene after the solution being extruded through nanopores

under different flow rates ( Reproduced with permission®))
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Fig. 28 Distributions of hydrodynamic force (f (¥, ) ) required to rupture polymeric micelles made of (a) diblock PS g, -b-Plsy, , and (b)

triblock PI,4-b-PS o -b-Pl,g, in n-hexane at T = 25.0 °C ( Reproduced with permission 781
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Fig. 29 (a) Schematic showing the extrusion process; (b) TEM ( FEICM120) image of the micelles before the extrusion; (c)
TEM image of the micelles obtained after the extrusion ( The insets are the corresponding zoomed-in images ( FEI Tecnai T20) ) ; (d
~f) TEM images of the micelles obtained at 5 h, 10 h, and 5 d, respectively, after the extrusion; (g) High magnification TEM
image acquired right after the extrusion

The flow rate of the copolymer solution is 40 mL/h. The micelle solutions were directly drop cast on carbon film-supported copper

grids and dried in air. (Reproduced with permission'™’)
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How Do Polymer Chains with Different Topologies Pass Through

a Cylindrical Pore under an Elongational Flow Field?

Lian-wei Li', Fan Jin®, Wei-dong He’, Chi Wu'"*"
(' Hefei National Laboratory for Physical Sciences at Microscale, Department of Chemical Physics
University of Science and Technology of China, Hefei 230026 )
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Abstract Translocation of polymer chains through nanopores ( ultrafiliration behavior) is not only a basic
problem in polymer physics and biophysics, but also related to many physical and chemical processes, such as
gene transfection, protein transportation, and separation of polymer chains by size exclusion chromatography.
However, due to the lack of appropriate polymer model samples as well as ideal elongational flow fields, the
ultrafiltration behavior of polymer chains has not been systematically explored experimentally for a long time.
To deeply understand the ultrafiltration behavior of polymer chains and verify relevant theory, we have made
much effort on this subject in the past decade. In this article, we’ 1l first review the classic theory of polymer
chains passing through nanopores, and then provide an overview of our recent theoretical and experimental
research achievements in this field, more specifically, we have (1) successfully observed the “coil-to-stretch”
first-order transition of polymer linear chain passing through nanopores, and found that the critical flow rate
(gq.) 1is indeed independent on the chain length, but dependent on the pore size, inconsistent with de
Gennes’ prediction; (2) developed a unified theoretical description of polymer chains with different topologies
passing through a nanopore; (3 ) systematically studied the effects of polymer chain topology and pore
structure on the ultrafiltration behavior of polymer chains; and (4) successfully applied the ultrafiltration
method into the separation of polymer chain mixtures and the rapid transition between various polymeric
aggregated structures.

Keywords Ultrafiltration, Cylindrical pore, Topological structure, Critical flow rate, Separation, Structure
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