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S1 Hydrodynamic Radius and the Kirkwood Approximation

The hydrodynamic radius Rh is the radius of a solid sphere that has the same diffusion coefficient as
the polymer chain. It depends not only on the equilibrium properties of the conformational ensemble
but also on the dynamical intra-chain correlations mediated via fluid flow around and within the chain.
The diffusion coefficient of a polymer chain is inversely proportional to the hydrodynamic radius via the
Stokes-Einstein relation [1, 2]:

De =
kBT

6πηRh
(S1)

where kB is Boltzmann’s constant, T is the absolute temperature, η is the solvent viscosity. De can be
calculated from displacement of the polymer’s centre of mass as [3, 4]:

De = lim
t→∞

⟨(R⃗c(t)− R⃗c(0))
2⟩

6t
, (S2)

where the average is over ensemble trajectories and initial conditions.
Kirkwood and Riseman [5] introduced a pre-averaging approximation for the hydrodynamic interactions

between the monomers, allowing to calculate the approximate hydrodynamic radius from just the equili-
brum ensemble of conformations. The Kirkwood approximation for the diffusion coefficient of a polymer,
using the Oseen tensor for hydrodynamic interactions, is [3]:

Dk =
kBT

6πηN2
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Here, ai is the hydrodynamic radius of a monomer i, and the average is over the equilibrium ensemble of
conformations. The inverse of the approximation to the hydrodynamic radius is defined as:
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Using Brownian dynamics simulations with implicit hydrodynamic interactions, Liu et al. [3] and
Schmidt et al. [6] have previously found that the Kirkwood approximation overestimates the hydrody-
namic radius by < 4% for a SAW and a worm-like chain model. In this paper, we extended the comparison
between the Kirkwood approximation and the hydrodynamic radius to all values of cohesiveness. The
Kirkwood approximation overestimates the true diffusion coefficient by 3-5% in agreement with other
studies [3, 6]. In the poor solvent regime the relative difference increases to beyond 10% and is larger for
longer polymers (Fig. 1d).
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S2 Scaling Exponent of Radius of Gyration

We investigated the effects of monomer cohesiveness ϵ on the scaling exponent ν of the radius of gyration
of a homopolymer with the number of bonds N : ⟨R2

g⟩ ∝ N2ν .
We performed simulations of homopolymers with N + 1 = 50, 100, 150, 200, 300, 400 monomers at

ϵ = 0, 0.64, 0.7, 0.75 kT. All other simulation parameters were the same as the homopolymer model of
Section 2. The total runtime (number of steps) and number of independent runs (from different initial
conditions) varied. Simulations where initialized from a self-avoiding walk (N + 1 = 50, 100, 150, 200) or
a random walk initial condition (N = 200, 300, 400). Correlation functions of R2

g(t) were calculated for
N + 1 = 50, 100, 150 and fit with exponential decays in order to estimate the correlation times τN . The
initial 2τN or more of each simulation were excluded from the analysis. The error bars were estimated as

Var(⟨R2
g⟩) =

Var(R2
g)

nsnt
where ns is the number of independent runs and nt =

tr
2τN

, where tr is the minimum
simulation time included in the analysis for that N [7].

Figure S1 shows the dependence of the radius of gyration on the number of bonds N for different
monomer cohesiveness ϵ; For ϵ = 0, as expected, the chain behaves as a self-avoiding random walk in a god
solvent with ν = 0.588±0.001 [2]. The θ-point, where ν = 0.5, is located between ϵ = 0.74 kT and 0.75 kT.
This is consistent with the second virial coefficient for the inter-monomer interaction being 0 at ϵ ≈ 0.64
kT. The exact location of the θ-point depends on the details of the repulsive and attractive potentials used
in the model [8].
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Figure S1: (a) Dependence of the radius of gyration on the number of bonds in the chain for different
monomer cohesiveness ϵ. (b) The variation of the scaling exponent of ⟨R2

g⟩ ∝ N2ν with monomer cohesive-
ness ϵ.

S3 Comparison between sequence patterning parameter SCD and κ.

Figure S2 shows the polymer dimensions and the ratios of dimensions of polyampholyte sequences plotted
against the charge sequence parameter κ introduced by Das and Pappu [9].
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Figure S2: Dimensions of polymers composed of 25 positively and 25 negatively charged monomers. Same
as Figure 4 but plotted with the κ parameter introduced by Das and Pappu [9] on the x-axis. (a) Radius
of gyration compared with ABSINTH model. (b) Square end-to-end distance to square radius of gyration.
(c) Radius of gyration to hydrodynamic radius (Kirkwood approximation). The dashed lines correspond
to the Gaussian chain predictions, the solid lines correspond to a uniform sphere. The full sequences and
their corresponding κ and SCD parameters are shown in Fig. 4a.
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