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Fig. 1 Passing of flexible linear polymer chain through a micro-channel in ultra-filtration
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Table 1 Weight average mole mass ( M, )}, average hydrodynamic radius
(< Ry > ), polydispersity index { M_/M,) and concentration of two
polystyrene standards { FS-S and PS-L) used in stock solution
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Fig. 2 Schematic of the membrene filter used (not
in a proportional scale}

k=2.87x107%

2 -
3 e
o <ny> =5 x108 pore/cm?
0k” £ | I I 1 L 1
0.0 0.4 0.8 1.2 1.6 2.0 24
APx10%(Pa)

Fig. 3 Pressure difference {AP) dependence of macroscopic
flow rate ( Q) of toluene and the; Inset shows SEM image of
surface of layer A in Fig. 2
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Fig. 4 Intensity auto-correlation function of a solution mixture of
shorter polystyrene chains ( PS-S) and longer polystyrene chains
(PS-L}; Inset shows a corresponding distribution of hydrodynamics
radius ( Ry ) caleulated from Laplace inversion of[ 6™ (1)-41/4
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Fig. 5  Time dependence of time average intensity
(<I>) and area ratio of two peaks ( Ag/A;) in
hydrodynamic radius distribution during ultma-filtration, of &

solution mixture of PS-5 and PS-L
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Fig. 6 Macroscopic flow rate ( () dependence of lime
average intensity { < / > ) and area ralio of two peaks
(AglAL) in hydrodynamic radius distribution
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Fig. 7 Macroscopic flow rate { @) dependence of retention
concentrations of PS-S and PS-L
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Fig. 8 Flow mte { Q) dependence of hydrodynamic radius
distributions, where @ is lower than the macroscopic threshold

flow rate (@ = 1.8 x 10°% em’/s)
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THE OBSERVATION OF FIRST ORDER TRANSITION IN
ULTRA-FILTRATION OF FLEXIBLE LINEAR POLYMER CHAINS

JIN Fan, WU Chi
{ Department of Chemistry , The Chinese Universisy of Hong Kong , Shatin, New Territories, Hong Kong)

Abstract By using a special double-layer membrane to avoid interaction among flowing fields in different pores,the
theoretically predicted discontinues transition in ultra-filtration of flexible linear polymer chains was observed for the
first time . Namely, the chains could pass through pores with sizes much smaller than the chain’s unperturbed radius
when the flow rate is higher than a threshold . In theory, such a threshold is independent of both the chain length and
the pore size. However, we found that when the macroscopic flow rate was lower than the threshold, some of the pores
were blocked by a fraction of longer polymer chains. Therefore, the microscopic flow rate in the non-blocked pores
became higher than the threshold so that the rest of the chains could pass through these non-blecked pores. This
leads to an apparent separation of the chains with different lengths.

Key words Ultra-filtration, Polymer chains, Membrane filter, First-order transition in ultra-filtration, Laser light

scattering



