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L = N = n,t, = N: contour length, £, persistence length
D: effective thickness (cross-section diameter)

=" strength of excluded volume interaction
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Motivation GUTENEERG
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® Force-extension curves:
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X chain extension, f: force, £, = kgT'/ f: tensile length
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® Force-extension curves:
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= Structure of stretched semiflexible chains
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Semiflexible SAW model GUTENRERG,,

Self-avoiding walk model on the simple cubic lattice in d =)

# Bond-bending potential Uy enq (0)
= flexibility of chains

Upena(0) = ep(1 — cos0)

; Fixed <Nstr>~ | % persistence

0 6 = 0° length
€b 6 = 900

\

#® Stretching force f = f#
= deformation of chains
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GUTENRERG

# Partition sum (a walk with Ny, steps and Nyenq l0cal bends):
Z Ny, Noena (qbs b) = Z C(Np, Nbenda, X)qy " b*

config.
g, = e~ (e+/k8T): pending factor, b = ef/¥8T: stretching factor
X' end-to-end distance along +=z-direction (X = xn, — To)
#® Algorithm: Pruned-Enriched Rosenbluth Method

Grassberger, Phys. Rev. E56, 3682 (1997)
Hsu & Grassberger, J. Stat. Phys. 144, 597 (2011), (review)

s 0 < NN, < 25600, short chain < long chain
s 0.005 < qp < 1.0, very stiff < flexible (SAW)
s 1 < b < 1.6, no force < strong force
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Structure factor S(q) GUTENRERG,
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Structure factor S(q) GUTENBERS,.
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Simulation vs. Theory GUTENRERG,
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#® Gaussian coll (1 < n, < n’e,):
eXp(—X)p— 1+ X
SDebye(q) = 2 X2

, X =q*(R2)
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S(q) of wormlike chains GUTENRERS,,

#® Exact solution by Stepanow:

2 "p 52 - .,
S(g,n,) = — / ds- / dsy (el (s2) =)y =y " — [ /0,
Ny Jo 0

F(82) — 7(s1) = / " dstl(s), E(s) = 07(s)/0s

S1

Eur. Phys. J B 39, 499 (2004); J. Phys.: Condens. Matter 17, S1799 (2005)

® Approximation by Kholodenko:
2 1
S(q) = = |h(2) — ~L(x)|, @=3L/2¢,,
£r £r

L 1 sinh(Ez)
n— E sinhz q S 3/2£
I, (x) = /dzz f(2), f(z)= If Sin(:j,z) ’ i
E’ sinhz 7 q > 3/2£p

0
E=11- (2q£p/3)2]1/2 , E' = [(Zqﬁp/3)2 - 1]1/2
Ann. Phys, 202, 186 (1990); Phys. Lett. A 178, 180 (1993); Macromolecules 26, 4179 (1993)
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Kratky plot:

qLS(q) vs. Lq, ql,

GUTENRERS,.
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Crossover behavior: (R2), S(q) GUTENRERG,
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Stretched semiflexible chains GUTENRERS,.

Pest ot

® Structure factor S(q) = S| (qy), S1(q.)
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Structure factors S (qy), S1(q.)
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qi S1(g1)Vs.q.1 GUTENRERGr
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q;5)(q) vs. g
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¢’ 25 (q) VS. q) GUTENRERG,,
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Conclusions GUTENRERG, .

® Unstretched semiflexible chains

» Theoretically predicted crossover behavior for the mean

sguare gyration radius (Rg) and the structure factor S(q) are
verified

» The applicability of the Kratky-Porod worm-like chain model to
describe the structure factor S(q) is tested

® Stretched semiflexible chains

» The anisotropy of the structure factor (S (qg.)), S| (qy)) is
well described by the modified Debye function

» The oscillatory behavior of S|/(q)) = a string of elastically

coupled particles
J. Chem. Phys. 137, 174902 (2012)
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