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APPENDIX A

Consider the following Fokker-Planck equation for the conditional probability density P (x, t|x0, t0) of finding a
particle at a reaction coordinate x at time t, given that the particle is initially at the coordinate x0 at time t0:

∂

∂t
P (x, t|x0, t0) = − ∂

∂x
(V (x)P (x, t|x0, t0)) +

∂2

∂x2
(D(x)P (x, t|x0, t0)) (S1)

In the equation, V (x) = f(x)/η(x) is the drift velocity and D(x) = kBT/η(x) is the diffusion coefficient where η(x)
is a coordinate-dependent friction coefficient and f(x) is the thermodynamic force which is equal to the negative
gradient of the free energy F (x). The mean first passage time for a particle to escape an interval region [a, b] from a
point x inside it can be shown to be

T (x; a, b) =

∫ b

x

dy eF (y)/kBT

∫ y

a

dz
η(z)

kBT
e−F (z)/kBT (S2)

where a reflecting boundary is set at a and an absorbing boundary at b [1].
Let the reaction coordinate be the state variable s, and set a = −mp and b = N for our study. In the entering

stage, the free energy landscape is F (s) = (s+mp)∆µcp, as shown in Figure 1 in the main paper. The required time
to pass the stage can be calculated by T (−mp;−mp, N)− T (0;−mp, N), which gives

τent =
ησ2

kBT

(
kBT

∆µcp

)2 [
exp

(
mp∆µcp

kBT

)
− 1− mp∆µcp

kBT

]
. (S3)

In the non-confined stage, a second thermal escape substage can take place when s < m < N∗ for the chain length
lying between N∗ +mp and 2N∗ +mp. The free energy looks similar to Curve III in Figure 1 and can be expressed
by a piecewise function

F (s) =



s∆µcp + kBT

[(
N−mp

N∗

)z1+1

− 1

]
if −mp ≤ s ≤ 0

kBT

[(
N−mp−s

N∗

)z1+1

− 1

]
if 0 ≤ s ≤ s∗

kBT (1− γ1) ln
(s+1)(N−mp−s+1)

(s∗+1)(N−mp−s∗+1) if s∗ ≤ s ≤ N −mp

(s−N +mp)∆µps + kBT (1− γ1) ln
(N−mp+1)

(s∗+1)(N−mp−s∗+1) if N −mp ≤ s ≤ N

(S4)

Here s∗ = N −mp −N∗ and we have set F (s∗) = 0. The required time τ2E for the thermal escape substage can be

calculated by T (s∗;−mp, N)−T (
N−mp

2 ;−mp, N). Assuming that η ∼ η0my2E in the substage and N � mp, we have

τ2E ∼
η0σ

2

kBT

[
N2+x1I1(s̃∗) +N2+y2EI2E(s̃∗)

]
(S5)

where s̃∗ = s∗/(N −mp) has a value lying between 0 and 1/2, and

I1(s̃∗) =

∫ 1
2

s̃∗

dỹ

∫ s̃∗

0

dz̃

[
ỹ(1− ỹ)

s̃∗(1− s̃∗)

]1−γ1
exp

(
1−

[
1− z̃
1− s̃∗

]z1+1
)

(S6)

I2E(s̃∗) =

∫ 1
2

s̃∗

dỹ

∫ ỹ

s̃∗

dz̃

[
ỹ(1− ỹ)

z̃(1− z̃)

]1−γ1
(1− z̃)y2E (S7)
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The two dimensionless functions I1 and I2E can be evaluated numerically.
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