Supramolecular bond forming / breaking moves:
microscopic reversibility

The acceptance criterion for the bond forming
/ breaking moves is illustrated following standard simulation textbooks [1, 2, 3, 4] and earlier
works [5, 6, 7, 8, 9, 10, 11], in the Fig. 1. Panel
A shows the conﬁguration before attempting to
create a bond between segment 0 and one of
the three potential bonding partners 1, 2, and
3 (i.e. here Nn = 3) within the sphere of radius
db . Denoting as m the state where the bond
0 − 2 does not exist (Fig. 1A) and n where it
has been formed (Fig. 1B), we require the transition probabilities to obey the condition of detailed balance.
Pm Pm→n = Pn Pn→m

where Pm and Pn are the equilibrium probabilities of observing the states m and n, while Pm→n
and Pn→m denote the probabilities of making
a transition from the state m to state n and
from state n to m, respectively. These transition probabilities take the form

Figure 1: A) A sketch showing the conﬁguration, m, before attempting the formation of
the 0 − 2 bond (red dashed line). The sphere
containing the potential bonding partners is indicated by a dashed orange circle with radius,
db . In this speciﬁc conﬁguration, the potential
bonding partners of segment, 0, are numbered
1, 2, and 3, i.e., Nn = 3, and the number of
monomers bonded to segment 0 is Nc = 1. B)
A sketch of the conﬁguration, n, before attempting to break the bond and reverse the move of
A. The number of potential bonding partners
of segment 0 within the sphere of radius, db , is
Ñn = Nn − 1 = 2 while the number of bonded
neighbours is Ñc = Nc + 1 = 2.
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(1)

acc
Pm→n = am→n Pm→n

(2)

where am→n is probability, with which a transition m → n is proposed in the course of
acc
denotes the
the Monte-Carlo simulation. Pm→n
probability of accepting this bond-forming attempt (see Eqs. (7) and (8) of the main text).
acc
Similarly, an→m and Pn→m
are the corresponding probabilities for the bond-breaking transition, n → m.
In the bond-forming move, m → n, one of the
Nn potential bonding partners is chosen with a
probability, which is proportional to the Boltzmann weight of the bonded interaction, i.e.,
the probability to propose the move, m → n,
equals:
1

am→n

w01
=
w01 + w02 + w03


Zbond =


Nn
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acc
Pn→m
= min 1,

Using the identity x =

min(1,x)
,
min(1,1/x)

(6)

we ﬁnd

Eb
Pm,n
= w02 exp −
Pn,m
kB T

(7)

Since the right hand side equals the ratio,
Pn
3
Eb
= exp − 2 (r2 − r0 )2 −
Pm
2b
kB T

(8)

of the equilibrium weights of the two states,
the choice of acceptance probability satisﬁes detailed balance, Eq. (1).
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