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f=10,N = 50 f=150,N =50

industry: experiment: theory:

e ViSCosity modifiers monodisperse polymer physics
e coating materials polyisoprene f = 8,18 =

e pharm., med. polybutadiene f = 128 colloid physics

(SANS, SAXS)



Polymer:

continuous space

C—C bonds (109.47°)
non-trivial energy surface
compl. mon.-mon. interaction

SAW:

e discrete lattice

e O0°. 180°

e indep. on angle energy
e Self-avoidance



Chain polymers Star polymers
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Short distance force between star polymers:

< F(r) >~ @ff/’l“, V@ff = Q’yf —V2f — 1

H. Lowen, C.N. Likos et al., '98-.

Diffusion limited reactions involving polymers:

nA+ B — B, reaction rate: k, ~ (r/é)_A”.

C. von Ferber, Yu.H.,'O1.

Multifractality of Laplacian field for fractal boundary conditions:

< QT+ T) >

<op(Z+7) >n

DNA denaturation

~ (R/r)" ™", 7€ 8X.

M.E. Cates, T. Witten, '86

Y. Kafri, E. Carlon, '02



Consider star polymers immersed in a good solvent, part of which is

in @ porous medium:

Zyf(N) o el fN N1

F=—pfN—(y—-1)
In N.

/ J—
Z,f(N) oc el TNNTITE,

1

F=-pfN—-(-1)
In V.

How will star polymers of different architechture behave?

Is static segregation possible? Dependence on correlation of the medi-

um??



A. Weak disorder, cperc <c <1 B. Strong disorder, ¢ = cperc
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0<e/2(e=4—-d,6=4—a);. €>0(e=6-—d):

v=1v"W=1/24¢/16, v=1/24¢€/42,
ef2<d<ev=1/24§/8. Y. Meir, A. B. Harris'89,
V. Blavats'ka et al.’01 C. von Ferber et al.’04

Here: case A



— S,

S
® Edwards continuous chain modelg W

ri(s) ra(s)

=0

The partition function of the f-arm polymer
star: Z¢{Sa} = [ D[ry,...,r]X

f

exp [~Hy] 11 5%(ra(0) — r1(0)).

1 So  (dr(s)\?  ug L S S, ,
Hf—EZ/ ds( 1 ) —I—Za,bzzjl/o ds/o ds'0%(rq(s) —rp(s’)).



®Mapping to the m = O limit of the field theory:

f

Z p{pa} =/ 11 dSpexp[—upSplZ¢{Sa} = /D[cb] exp[—L]|m=o0,
p—1

1 . . . .
£=3 [d2[GBI8@)2 + Vo)) + 228,..i4¢" (@) ... '4(2) ]

® A polymer star < the traceless local composite operator:

> O N'LoUe(z) ... ¢ (x), with Y N =0.
0150y p=1 i=1

®Quenched disorder: p3 — u3 + dug(x), with

((dpo(2z))) =0, ((Opo(z)dpo(y))) = g(lz —yl).



®Replicated effective Lagrangean (Weinrib, Halperin'83):

Lo = 5 z [ ¢ alGI5a(@)? +[Vha(@)®) + 4iSiiatd (@) . 66 (@)

4| 1’17 i)

£ Y [dldlyg(a - D@, mn—0.
a,0=1

For small k: §(k) ~ vg + wglk|¢¢.

®Further reduction: (upg 4+ vg) — up (Kim'83, Blavats'ka et al.’01):

£($) = ZZ mo + B + 1 z S (B3, 60 ) (S B)
‘ (@ {k}/

+“’OZ S kG, B (B By
ozﬁ {k}”



Correlations: renormalized vertex functions

Zyr @, 2,0, 20D, 2,0 @D, 7,06

Change of scale k. RG functions

d d
ﬁu(u,w) = —In Zu, /6w(u,w) == —In Zw,
dk dk

d d d
nqb(u)w) :&Inz¢7 77¢2(U7w) :&“’] Z¢2, nf(u,’LU) :&”’] Zf
Scale invariance: fixed points Gy (u*, w*) = By (u*, w*™) = 0.

Scaling exponents (in the stable accessible FP)

n=ny(u*), v=[2=ny(u*) + e, np=npu’,w).



e ¢, 0-expansion, with e =4 —d, § =4 — a (Blavats'ka et al.’01):

[P =1/24¢/16, §<e/2,
Y= LR =1/246/8, /2 <0 <&,

e fixed d,a technique (Blavats'ka et al.’02):

The lines of zeroes of the d=3 two-loop
B-functions resummed by the Chisholm-
Borel method at a = 2.9. The fixed
point LR is stable.

®




% >O< >OO< Diagram contributions to the vertex

function ) up to the 2-loop order. (a):
f-point vertex Nu-Ugh . ¢, (b): one-

>%< >@/< >@: Io_op c_ontribution, (c)-(f): two-loop con-

tributions.

v =1+ vne(u*,w*) + @W(2—-n) - 1)f.

U = —Lef(f - 1), WU =1 Lef(f-3),5<¢/2,
ny = {R ) Tf = fLR 152
nf — Z(Sf(f_]-) ’Yf = —§5f(f—3),€/2<5<8.



a f=12 3 4 5
(3) [1] | 1.18 1.06 0.86 0.61
(3) [2] | 1.1573(2) 1.0426(7) 0.8355(10) 0.5440(12)
3 1.17 0.99 0.83 0.57
2.9 1.25 0.87 0.78 0.46
2.8 1.26 0.81 0.76 0.43
2.7 1.28 0.74 0.72 0.40
2.6 1.30 0.73 0.70 0.37
2.5 1.34 0.71 0.70 0.35
2.4 1.35 0.70 0.70 0.31
2.3 1.38 0.70 0.69 0.29

Critical exponents ~ for the f-arm star in d = 3 and different values of a.
[1]: Pure system. Field-theoretical RG (three-loop): v. Ferber, Holovatch '95.
[2]: Pure system. Monte Carlo simulations, Hsu, Grassberger '04.



The mean force F(r) between two star polymers of f and f’ arms at
distance r:

(a)
1 F<a)(rr>=@ff/7
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with ©(7) = () 1 4() _ ()
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@;C}) as a function of f and a at d = 3.

@55}) as a function of f and f’ for a = 2.7
at d = 3.



Recall: Segregation behavior depends on (ygca) — )

e Strong segregation of:

chain polymers, f=1,2 and star polymers, f > 3

({7 =~1) >0 (4~ p <o

e For given a (given ‘medium’):

Vj(ca) > Wj(c;), 1< f2.

1

e Entropy-induced softening of short distance star-star force:

< FO(r) >~ 0§ /1



