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Abstract—-On the linear viscoelastic properties of dilute polymer solutions Bead number(N), hydrodynamic
interaction(HI), excluded volume(EV), and non-linear spring(NS) effects were studied by using the bead-spring
chain model(BSM). Linear viscoelastic properties were derived by modifying Fixman's model and introducing NS
concept. Among them, the magnitude and the phase angle of complex viscosity were principally chosen to be in-
vestigated. Bead number was determined by the breadth of plateau region of the phase angle, and HI parameter
was obtained from the exponent of Mark-Houwink equation. Whereas the dynamic expansion parameter which is
the function of EV and NS parameters was acquired by data fitting. Once EV parameter is known through such an
experiment as light scattering, NS parameter can be predicted. More over we studied the discrete relaxation time
spectra of BSM, and knew that the effects of BSM parameters on the spectra are clearer than those on the linear
viscoelastic properties. In this paper the method of accommodating bead number, HI, EV, and NS effects on BSM
was suggested and resulted in the excellent agreement of linear viscoelastic properties with experimental data.
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2.1. Review of Modified Fixman’s Theory
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Fig. 1. Dimensionless magnitude and phase angle of
complex viscosity vs. dimensionless frequency
curves are shown at various valoues of N: h* = 0.
0,0=10L=o0,
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Fig. 2. Dimensionless magnitude and phase angle of
complex viscosity vs. dimensionless frequency
curves are shown at various values of h*; N=
100, «=1.0, b= oo,
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Wsle gloh. AAZ BSMolMe Exp3F Z7ld wE
EV &3 77 gellA A58 HI getulels 43¢
= Mark-Hauwink #A4e] 93de FA =l
Fig. 2 ¢ A4} Fig. 39] 44 22 ZF+24 Fig.
39llA aF7he Fig. 2904 h*7F FolA= At 34
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Fig. 45 NS "ol 9] 43S HojFe adolnt
b7t 58 ghol X& 22X Fo] 5a1, F b>300 oA &
b=cod w9} vl 7HX 2 §Ade7E 7 AY 19] Fhol
B2 NS &3yt FEgAA vepiAe gttt o] 9
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= &
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Qo e
+20
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Fig. 3. Dimensionless magnitude and phase angle of
complex viscosity vs. dimensionless frequency
curves are shown at various values of o N = 100,
h*=0.0, b= oo,
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Fig. 4. Dimensionless magnitude and phase angle of
complex viscosity vs. dimensionless frequency
curves are shown at various values of b: N=
100, h*=0.0, a=1.0.
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Fig. 5. Frequency dependence of infinite-dilution os-
cillatory flow birefringence properties for linear
atactic polystyrenes:

(a) Mw=111,000(P.1.=1.06) in Aroclor 1248:
(b) Mw=860,000(P.1.=1.15) in Aroclor 1248.
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Table 1. Arbitrary distinctions of EV and NS param-
eters from dynamic expansion parameter(e=
1.06) for linear atactic polystyrene in Aro-
clor 1248: (My=860,000, P.1.=1.06)
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o z o b
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1.20 0.97 1.68 16.7
1.30 1.79 2.05 12.1
1.40 291 2.44 10.8
1.50 443 2.86 105
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Fig. 6. Relaxation spectra predicted by bead-spring
model at various values of N: h* =0.0, a=1.0,
b=1000: A’ is a fundamental time constant.
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Fig. 7. Relaxation spectra predicted by bead-spring
model at various values of h*; N=20, =1.0, b
=1000; Ay is a fundamental time constant.
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Fig. 8. Relaxation spectra predicted by bead-spring
model at various values of o; N=20, h* =0.15,
b=1000: A is a fundamental time constant.
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Fig. 9. Relaxation spectra predicted by bead-spring
model at various values of b: N=20, h*=0.15, o
=1.0; A" is a fundamental time constant.
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of¥

= o =g

F(1)

G®)
G/
GII

H(1) :
h*

Z

. diffusion tensor

. excluded volume potential

: dynamic expansion parameter

. force constant

. relaxation time spectrum

- expectation value of the intersegmental

force constant

: relaxation modulus

. storage modulus

. loss modulus

: Hook's spring constant

relaxation time spectrum

: hydrodynamic interaction parameter

: Boltzmann's constant

. strain rate tensor

©

< o+

N

. component of strain rate tensor
. molecular weight of polymer

- mass of bead

: bead number

: Avogadro’s number

: number of polymer molecules in unit

volume

. maximum possible extension length of a

single link

. universal constant

: position vector of i-th bead

. distance vector between i, j beads

: spring potential

. effective intersegmental potential

: polymer contribution to rheo-optic coef-

ficient

. Oseen—Burgers tensor
: total intersegmental potential
: contraction form of complex tensor

equation

: contraction form of complex tensor

equation

: time
: unperturbed solvent flow field
. binary cluster integral

. excluded volume parameter
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Greek Letters
o linear expansion factor

o, radius expansion factor

¥  maximum strain

:Y . shear rate

:f" ' complex shear rate

8 * delta function

An,* : polymer contribution to complex bire-

fringence
V ! gradient
V® : transpose of V
4 * bead friction coefficient
N, solvent viscosity

Mo ' zero shear viscosity

! complex viscosity

6 phase angle

A, diffusion force tensor

A, expectation mean value of A,

A : fundamental relaxation time(zf-{—)

p ! normalized distribution function
Y . stress tensor

T, : normalized relaxation time

¥  : configuration distribution function
®  frequency

Superscripts
: (1,1) component of a matrix

X
y  (2,2) component of a matrix

c  (1,2) or (2,1) component of a matrix
s

! representation of symmetrical matrix

Subscripts
p  : P-th normal mode in normal coor-
dination

Acronyms
BSM: Bead-Spring chain Model
EV : Excluded Volume
HI : Hydrodynamic Interaction
NS : Non-Linear Spring
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