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Intrinsic viscosity of knots in solution evaluated through the
Brownian Dynamics

Naoko Kanaedaland Tetsuo Deguchi2, Department of Physics,
Graduate School of Humanities and Scienceé, Ochanomizu University,
Ohtsuka 2-1-1, Bunkyo-ku, Tokyo 112-8610 Japan
Abstract: We have evaluated the intrinsic viscosity of the solution of ring polymers
of a knot type K by the Brownian dynamics with both hydrodynamic and excluded
volume effects. Due to recent development of experiments, we expect that knotted
ring polymers will be synthesized near future. It is thus important to formulate
empirical equations for describing the intrinsic viscosity in terms of K. They should
be useful for separating knot species in solution. We found that the ratio of the
intrinsic viscosity of a knot to that of the trefoil knot is independent of the number
of segments N in the investigated range. We also found that it is expressed by a

quadratic function of the average crossing number of the ideal knot of K (ACN(K)).

B2 IR PICBT 2O E @ OBEAKE %, Brownian dynamics 2 X 0 HEkiE
EORBLOWMENFROHEERHEZZE L CGHE L, MFEOERBITOERIZLY .,
ROEBPTOARPTFREINOIF T, BROBAEREZRTAREEATEZ L1
HBETHD, TLBOCHESFIIERTICRBEL WS, b O0B b &S
S ENPBEND, TOBER R ESTF O S OB T 5 EARE DA,
N IKFLRWZ &3 0hoTz, EZOEEMEDIX, HEAKOR OFHR A%
ACN)DZREETHDH Z & bonoTl,
1. Introduction
In this work, we have investigated the intrinsic viscosity of the solution of knotted
fing-polymers through the Brownian dynamics with hydrodynamic and excluded
volume effects. In recent experiments, ring polymers of high purity have been
synthesized with small dispersion . We thus expect that knotted ring polymers
will be synthesized near future. It is then important to express the intrinsic
viscosity of the solution of knotted ring polymers with the same knot type K in
terms of knot K. We formulate an empirical equation of the ratio of the intrinsic
viscosity of a nontrivial knot to that of the trefoil knot expressed in terms of the
average crossing number of ideal knot of knot K (ACN(K)). Here we remark that the
ideal knot should play a fundamental role in the dynamics of knots in solution. In
fact we have found in the previous study that the ratio of the diffusion constant of a
nontrivial knot to that of a linear polymer is almost independent of the number of

segments N, and also that it is given by a linear function of ACN(K) 2.
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2. Result

Fig. 1 shows the N-dependence of the intrinsic viscosity [ 7 I/[ n Jo for the trefoil knot
in the case of N=20, 27 and 36 (here [ 7 lois the zero-shear viscosity for the Rouse
model). The intrinsic viscosity at shear rate y depends on the number of segments
N. However, in Fig. 2 we find that the intrinsic viscosity divided by N°8is
independent of N. For other knots such as the 4: knot and the 5: knof, the intrinsic
viscosity divided by N°#8 is almost independent of N. In our numerical simulation,
we have [ 7 Jk=a(K) [ JoN°8 for any given knot type K, where the coefficient a(K)
depends on the shear rate v . Therefore, the ratio of the intrinsic viscosity of a
nontrivial knot to that of the trefoil knot is given by [ Ix/[ 7 lsi=a(K)/a(31).

Fig 1' A » nN=3g] Fige® %' *
A i . & N=27 = I '
o r * e e o |
K= . r N=20 — s
-~ = o - &
- & [ —1
e =
= Yo o s
oy & r—y
oy * ooy 3
f— [ [
TR $ - 6.01 |- .
[ ) ;
. fomdododogiisl . Borrdstordoedid 3 Aot Ltk N [T RS | feia o aaid Al b BB
0.1 1 10 100 0.1 1 10 100
shear rate : shear rate

We have found that the ratio [ lx/[n]a is expressed as a quadratic function of
ACN(N) and shear rate v .In the case of high shear rate, we have
[nlx/Mnln
=-0.00045 v ((ACN(K)-ACN(31)2 + 460 y 2(ACN(K)-ACN(30)) + 1.0
In the case of low shear rate, we have
[n]x/nls
=0.0028 y 1 ((ACN(K)-ACN(31)2- 37 v (ACN(K)-ACN(3D)) + 1.0

These empirical equations should be independent of N in the investigated range.

3. Conclusion
The ratio of intrinsic viscosities [ 7 Ix/[ 7 ]s: is almost independent of N. This ratio is
expressed as the quadratic function of ACN(K). Furthermore we suggest that the

ideal knot should be a fundamental concept in the dynamics of knots in solution.
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