GUTENRERS,.

What is the order of 2d escape
transition?

Hsiao-Ping Hsu

Institut flr Physik, Johannes Gutenberg-Universitat Mainz
D-55099 Mainz, Staudinger Weg 7, Germany

with K. Binder (Mainz), A. M. Skvortsov (St. Petersburg)
and L. Klushin (Beirut)

NTZ-Workshop CompPhysO06 in Leipzig, Nov. 29 - Dec. 02, 2006

2d escape transition — p.1



Motivations

s Polymer chain: first-order 24
Milchev et. al., MC simulation

Europhys. Lett. 47, 675 (1999)

» Gaussian chain: first-order
Skvortsov et. al., Landau theory

Europhys. Lett. 58, 292 (2002)

GUTENRERS,.

® 3d escape transition of a compressed end-grafted chain

Landau free energy

\

/ order

® 2d long polymer chains confined in a strip

\/

\/ parameter

Hsu & Grassberger, PERM

Eur. Phys. J. B36, 209 (2003)

e

# \What is the order of escape transition in 2d ???

2d escape transition

— p2



Outline GUTEHE,

H M

< L < L —|

#® Theoretical predictions

s Blob picture
s Landau theory

#® Monte Carlo simulation:
Algorithm: Pruned-enriched Rosenbluth method PERM

® Conclusions
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Blob picture GUTENERS,

#® Imprisoned chains n."blobs"
H

» End-to-end distance:
R = np(2ry) = npH T
within a blob, SAW -
H=an"” =2r,, v=3/4
= n = (H/a)*?andn = N/n,
R/a= N(H/a) /3

N monomers

H ~ Rgee = alNY = R/a = NY (mushroom)

o Free energy. each blob contributes kT
Finpr = nplkpT] = N(H/a)~4/3
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GuFHGHIE,

® Escape transitionat N = N*, R = L

#® Escaped chains

s End-to-end distance:
Rese = L 4 a(IN — N*)3/4

free chain
stem: N* monomers

crown: N — IN* monomers
s Free energy: Finpe = N*(H/a)~4/3
#® Landau order parameter for the stretching, s
r R/Na , imprisoned chain (N < N*)

L/N*a , escaped chain (N > N*)
\
Skvortsov et. al., Europhys. Lett. 58, 292 (2002)

S = «
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In the thermodynamic limit GUTENRERS,.

® Free enerqgy F
L — oo, N — oo, N Jy

L/N finte _

escaped imprisoned
L/N* L/N

# Imprisoned monomers N* o Lateral force f; = (8—F)H

OL
N*/N fL
----------------------- 1/H
LE/N* L/N
L/N* L/N
- _ (OF
# Landau order parameter s ® Compression force f. = (o5;),
s ife /N
(H/a)™" (4/3)(Hla)
| (e
L/N* L/N LN

2d escape transition — p.6



Landau theory

GUTENRERG

# Partition sum: Z = exp(—F) = [ dsexp(—®(s))

d<I>(s)

®(s): free energy function, = 0 = Seq

L
s Imprisoned chains (s = - < -

®(s)

Bimpr(s) = N |A (;3)" + Bs] s,

A and B: coefficients

imprisoned

» Escaped chains (s = ]\I,’ ~ Na

Desc(s) = N* |4 (%) + Bs|

®(s)

=LA ()" s+ Bs?]

a

N*: Imprisoned monomers \/\l/escaped




L — oo, N — oo, L/N finite GUTENRERG

# Landau order parameter s = s.q:

,
R/N = (A/2B)Y%(a/H)'/3 |, imprisoned chain
\ L/Nx = (A/B)Y%(a/H)'/3 , escaped chain

S

escagped | imprisoned

L/N* L/N

#® Imprisoned monomers N x:

N*/N

L/N* L/N
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Simulations GUTENBERG,..

o Model:
jAv/
tii; H

<— IL —>

#® Algorithm: PERM with k—step Markovian anticipation
Hsu & Grassberger, Eur. Phys. J. B36, 209 (2003)

#® Physical quantities:

s Free energy F', end-to-end distance x, Landau order
parameter s (Blob picture)

s Landau order parameter s, Landau free energy ®(s)
(Landau theory)
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Free energy Fn (L, H) GUTENRERS,.
® Fy(L,H)/Nvs. L/N

v

Fn(L, H) < 1.93(2)H~%/3 , imprisoned chain
N \ 1.90(5)H~', escaped chain
0.08 .
L= 800 ——
| (500 imprisoned
o
S =16 Blob picture </
ié | escaped
H =27 Transition point:
o2 / H=32 _ Feso(L. H) — Fimpr L.H
/ H=64 N ( ’ ) N ( ’ )
° 0 OI.2 OI.4 OI.6 OI.8 1
L/N
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End-to-end distance < « > GUTENBERG,

®» <x>/Nvs.L/N

)
< x> 0.915H"1/3 , imprisoned chain
N ~+ “(N];N ) H3/4 , escaped chain
\

06 | S h=4 ] Blob picture X

0.45 | A =
z
| ey A H=16

03 | H:32

imprisoned . .
0.15 . N*. imprisoned monomers

03 045 06 075 0.9
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Landau order parameter s

®» <s>Vvs.L/N

)
R/N , imprisoned chain
L/N* , escaped chain

\

0.8 :
L= 800 -«
L = 1600 e . .
0.7 F | 3200 - imprisoned -
L=6400 ——
sl | _
— H= 4
) escaped Blob picture X
05 o Y T
= = 8
: Landau theory </
T — 216
03 | [ S ET
0.15 0.3 0.45 0.6 0.75 0.9

2d escape

transition
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<x>/N

Escape transition points GUTENRERG,
# End-to-end distance of imprisoned chains, x
s <x>/Nvs.L/N, <x>/N~ H™/3

s (Kx*>—<x>*)/Nvs. L/N

800

H=8
600 F L =23200 - H=16

400 ¢ H=64

(<x?>-<x>2)IN

200 |

0.4

L/N
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Escape transition points

# Transition points:

o Peaks of variances of «

0.5

L/ N(L)

0.2

0.1

03t

E’E

L= 800 +
L=1600 x
L=3200 x

L = 6400

0.96H 3 v

“y

1

10

o Free energy:
FN™(L,H) = F&°(L,H) = L/N ~ 1.02(4)H~1/3

100

1000

GuFtERE,

= L/N ~ 0.96(3)H~1/3

WHAT IS THE ORDER?
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Landau free energy ®(s) GUTENRERS,.
#® Theoretical prediction of the partition sum: z = [ dsexp(—®(s))
ZLandau(L H) _ eXp( (I)lmpr(slmpr)) _I_eXp(_(I)esc(Sesc))

= exp [_3 (AzB>1/3 N (%)4/3] + exp | -2(AB)"2 ]

s Free energyFN(L H) = —In(ZH)vs. N= A, B

500

400 r

300 F
imprisoned

200 L= 800 H = 27
L = 1600
100 t L = 3200
L = 6400
In ZINLanda

0

0 5000 10000 15000 20000 25000 30000
N
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GuftERE,

#® Theoretical prediction:

B (s) (N [A (é)2 + Bs4] , imprisoned chain
N(8) = {
L [A (& 53 4 333} , escaped chain
\ a
0.85 — —
# MC simulations: o o100

< AW Ni=3.05,

0.8485 | % |

Fr(S,L,H)/N

N T 1o
0848 | ":,.\ A N/L—310_

|

0.847 | /‘ ™ .
0.25 / 0.3 0.35 \ 0.4

imprisoned S escaped
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Fn(s, L, H = 27) vs. s GUREHE,

# Min. of Fy Is determined by fitting a parabola
® Gimpr(8) = a1,0(s — st (L))* + ¢z

» gesc(s) — a2(3 eSC(L))2 + C2 + d2 L

# Transition points: Gimpr(s = s‘mp"(L)) = gesc(s = sg5°(L))

0.85
0.8495
_ 0849 Qi L | N*/L
T o | .'N’“?’ 05. 800 | 3.128
E  oss =0 1600 | 3.093
osars | 7% il JN/L =3.15] 3200 | 3.083
0.847 | o A" _ 6400 | 3.080
0.25 / 0l.3 O.I35 \ OI.4
imprisoned > escaped N/L ~ 1.03(5) H'/3 ~ 3.09(15)
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Histogram of x, Py (x)

® Pn(T) = ) paiks 022

® Pn(x)vs. x/L

=

TR

(> Pn(z) = L)

25 | | | |
N/L =3.00 ——
oo | NL=308 L = 1600
N/L = 3.15 e
- [ imprisoned escaped
= /
D_ .‘4-.“
10 | .
5 L
O o e
0.7 ”

1.2

Pn(X)

25

20

15

10

N/L=3.00 ——
N/L = 3.08 -
N/L =3.09 e
N/L — 315 .............

L = 3200

Imprisoned

0.8 0.9 1 11

1.2
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Conclusions GUTENRERG,.

# What is the order of 2d escape transition?
first-order phase transition

s Landau theory M
s MC simulations (PERM)

l— L —

# Transition points: L/N ~ 1.02(4)H /3
#® Does the Landau theory also explain 3d escape transition? No!
» Poor definition of the order parameter

)
R/Na , N < N*
| L/N*a , N > N*

S = «

R: end-to-end distance
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