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FIG. 6. The measured value of the chemical potential for a system of ather-
mal polymers of chain length N=40 at volume fraction p=0.2 for system
sizes L =40, 47, and 60. A constant corresponding to the infinite volume
estimate u.,=19.50 has been subtracted from the data. Also shown (broken
curve) is the predicted finite-size dependence of My following from Eq. (16)
utilizing predetermined equation of state data (Ref. 12).
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The new MC trial move

It should change the conformation of a chain
molecule or part of it directly into a very

different conformation.

Analogous to the force-bias MC scheme the
attempted move should be biased towards
conformations that are more likely, i.e. have

a higher statistical weight.

The trial conformation has to be generated
in a smart way, 7.e. avoiding itself and other
molecules in the system (taking all inter-
and intramolecular potential terms into ac-

count).
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Rosenbluth’s self-avoiding random walk
JCP 23. 356 (1955)

* initial weight of unity: W; =1
*  links added step-by-step
*

one of the available nearest-neighbour
sites is picked at random and the weight is

propagated according to

I’T/m—kl — (%) I/Vvi'rr

*  process repeated until desired length is

reached

¥ properties of SAW calculated as weighted
average
N\ r
v Fie Wi
(F) = iz
2=1 Wi
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select a chain
select a segment
select decreasing or

inmuinf scgment indices

remove all segments with
indices smaller or larger
than that of the selected
segment

l

-au
K (e = e 0 Plone) f (rar

add trial segments
(one segment at a time)
calculate positions of the
trial sites and their
Boltzmann weights

if the sum of the
Bolzmann weights
of all trial positions
is equal to zero

select one trial position
according to ea;. 2

and propagate the weighis

according to eqn. 3

Pj= i

count the configuration
for the MC averages

restore okd
configuration

il
- = [y MCB

"MCB

change configuration
10 trial configuration

Al trial

J\’I,Old

calculate the Rosenbluth ‘

old chain length
is reached

weight of the old ¢q
using eqn. 3




Growth of trial conformation
arbitrary multi-chajn system with N chains of lengths
L(N) (chains can differ in length) in continuous space
random selections of chain molecule (1) and segment (S)
discard
© entire molecule, if S =1 or § = L(I)

© or a part thereof (random choice whether to rearrange
units with indices larger or smaller than § )

call first trial segment A (where A = §+ 1), and last trial
segment B (where B =1 or B = L(I))

draw trial segment from set of, say, n trial sites (chosen in
a suitable way) with probability P,

B ;

‘P'm" = ) 1

where 5, ; = exp(—37, ;) and denominator includes j

© in calculation of B,, ; the contributions of segments of

chain I with indices ranging from m to B are excluded,

so total energy of conformation I’ consisting of the seg-

ments from A to B is given by Ur = 3

B

m=A Umyj

o define “overlap” for site i (set Brm,; = 0) when actual

Boltzmann weight is very small, then growth resulting

in trial conformation with very low statistical weight

can be terminated if 3.7 | B,.; = 0 at any given step

¢ probability of generating conformation I

¢ define Rosenbluth weight factor of T as

B n
— Bmi
WI" —_ H ZZ—I H
n
m=A

(2)

L)



Compute set of suitable trial sites ; (1) compute random vector on surface of unit sphere

: 1) i i : ‘ ding Boltzma
* simple where molecules have only finite number of confor- (i) infernal potential energy and corresponding Boltzmann

mations, as for lattice models and for rotational-isomeric- welght for bond directed along this vector are calculated
state (RIS) model, because positions of trial sites can be (iii) vector is accepted or rejected according to standard
computed by geometric rules Metropolis criterion (if rejected. we return to step (i);

o with certain choice of CBMC parameter n all possible if accepted, we proceed to the next step)

conformations can be explored and Rosenbluth weights (iv) position of trial site is determined by scaling vector to
can be calculated exactly required bond length (if bond length is also flexible, pick

. t random f t distribution
o for continuously deformable molecules only possible to at random from correct distribution)

sample a random subset of the accessible conformations * since statistical weights associated with internal poten-

and there is added task of constructing suitable set of n
trial sites at each step

distribution of trial sites need not be uniform, and in prac-
tice, internal potentials (for which energy can be readily

computed). should be used to guide selection of trial-site
positions

tials are already taken account of in creation of trial sites,
Boltzmann factors in eqn. 1 (selection of trial site ¢) and
eqn. 3 (propagation of Rosenbluth weights) are based only
on the remaining contributions to the potential energy
(in most cases inter- and intramolecular Lennard-Jones

terms)



Re-growth of old conformation

* compute corresponding Rosenbluth weight of old confor-
mation W while tracing ‘actual’ path starting at segment
A and ending at segment B (set of n sites chosen such that
it always contains ‘actual’ site as one member)

o choice of sets of trial sites used to calculate Wr: is not
entirely free (also true for reverse move changing from
I'"toT)
=3 super-detailed balance

accept move if
Wr
< — 4
€< S @
where { is a random number uniformly distributed be-
tween 0 and 1

2L

Detalled balance

o detailed balance implies that a configuration I' is trans-

formed into another configuration I’ at the same rate
K(r—r) as opposite transformation

Kr—ry = Kr—r (5)
for any arbitrary MC move rate Kr_ y) is given by

Kr—ry = pr or—r) (6)

where pr denotes probability density to find system in
configuration I', and a(y_r/) is transition probability for
move from I" to I which is product of the probability
to generate I'" and the probability accr_.ry to accept the
move

[o=aF S



_ o for CBMC scheme, the probability r to generate a par-
» for MC sampling of Boltzmann distribution, we can, by

substitution of eqn. 6 into detailed-balance conditon (egn.

5), obtain the following equation which determines accep-

ticular configuration I' for the trial segments is given
by eqn. 2, and we can rewrite corresponding Rosenbluth

weight factor (eqn. 3) in a form where P appears in de-
tance rules .
nominator

B
B?n ]
WF’ —- Hm:A 2] (9)

Xr—ry _ ppr_ exp(~3Ur) _ _
— = niA=BI Py,

) pr exp(—8Ur)

(7)

e the product in nominator is the relevant Boltzmann weight

e usual, and most convenient, choice for acce tance rules is . . . B
' ’ p of configuration I', this means that as U = 3 Un.;

the Metropolis form ‘ _ m=A
eqn. 9 is equivalent to

acc giuige; = min
Cap

(/1 T exp(——ﬁUpf)>

xp{— B Up:
rr exp(—BUL) (8) niA=Blyy, - © p(—8Ur)

— (10)

and the same holds for configuration I’

e substitution of left-hand side of eqn. 10 and its equivalent
for configuration #¥into eqn. 8 (which leads to a cancel-
lation of prefactors nl4=81) shows indeed that CBMC ac-
ceptance rule given in eqn. 4 satisfies the detailed-balance

requirement



Configurational-bias Insertion ( CBI) ¢ for a particular configuration of the system, Q, we can

compute a mean Rosenbluth insertion probability as un-

» the chemical potential, a thermal property, is usually cal- weighted average over all ‘ghost’ conformations sampled

culated by the so-called “Widom'’s particle-insertion method 7 D
which relates excess chemical potential, x#** to canonical (Q) = (Pr(QWr(Q))r (13)

average of the probability of inserting a ‘ghost’ particle
(or, test particle) at a random position into the system

pEt = _ﬁ_lln<exp("‘)8Utesi)) (1]-)

where U, denotes interaction energy of test particle with

all other particles which, however, are not affected by the

* inserting the right-hand sides of eqns. 2 and 12 into eqn. 13
we obtain

T.(Q) = 7 (expl-60: @D (14)

* the canonical average of 7, (Q) is given by

2q{exp[—=8Ur(Q)])r exp[-BU(Q)]

presence of the ‘ghost’

e in the course of a CBI, first bead of the ‘ghost’-chain is (Z.(Q)) =
- - " Tl T e[~ BU(Q) (15)
inserted at a random position, and all other segments of
chain are generated by step-wise configurational-bias ap- where exp{—SU(Q)] is the Boltzmann factor of the system
proach with configuration Q; the denominator of this equation

e Rosenbluth weight for insertion Ts equal to the partition function of the system plus an
ideal polymer, and the numerator is equal to the partition

L n
; Bm i : .
Wr = B, H Z;:; ; (12) function of the system plus an additional ‘ghost’ polymer
m=2

¢ replace egn. 11 by
e show that canonical average of Rosenbluth weights of ‘ghost’
chains is related in a simple way to excess chemical poten- pet = —p! In{ TL(Q) ) (186)

tial i

~R2- -8bL -

o s o el e A s e s
re



CBMC in the Gibbs’ ensemble

e 2 Monte Carlo trial to exchange a particle between the

two boxes is performed in the following way:

(1) a chain is selected at random

(i1) using step-by-step configurational-bias scheme the Rosen-

bluth weights of the selected chain are calculated for a
trial insertion in the new box (Wy) and for the removal

of the existing conformation in the old box (Wg)

(iii) the biased exchange trial is accepted at the following

acceptance rate

¢ < Wi np(V —vr)
-~ Wg (IV —ngr+ I)UR

(17)

where N and V are combined number of particles and
combined volume of the two simulations boxes, respec-
tively; and ng and vy are thenumber of particles and

"volume of the box in which the trial particle was located
hefore the trial move

A=0.B=2"5g
nn =96. 0v=—-110¢

Energy minimization of LJ polymer
Chews. Pl Lel. _l_?__’ . 220 ( '92)

e Method: Configurational-bias MC

o Model: 61 freely-jointed beads connected
by bonds of fixed length I3 ( 2-dimevsioudl)

o Potentials:

= (1 + (Ai/N})og and

T
Tij = 0.5(0’,‘ +(7_j)

T = 0.02 kB T/F
A=01.1=ay
nn=9.0=-111e¢
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