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1. NON-ELECTROSTATIC INTERACTIONS

The Lennard-Jones (LJ) potential is used to describe non-
electrostatic interactions both in the simulations and in the
mean-field theory,

U ij
LJ = 4εij
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Parameters of the interactions are summarized inTable S1. Each
interaction is also characterized by its second virial coefficient
B2,
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where β = (kBT)−1. Themean value B̄2 is computed for all salt
types as an average of B2 of the respective anion and the (uni-
versal) cation. A temperature T = 298K is assumed when ε is
evaluated numerically.

2. SIMULATION SETUP

The box size is chosen based on two criteria: (i) The amount
of salt ions shall be in an excess compared to the number of
monomers in the polymer chain. (ii) The polymer chain ex-
tended conformations shall accommodate into the box with a
margin. A box with an edge length of 20.25 nm is used for simu-
lations at low salt concentrations. The volume of the box is then
8300 nm3 and thus 1m salt concentration corresponds to 5000
anions and 5000 cations inserted into the box. The box is scaled
down to one fourth of its original volume to reduce the number
of particles contained in the system at high salt concentrations.
The configurations used in simulations are summarized in Ta-
ble S2.
Electrostatic interactions between charged particles are com-

puted using the particle mesh Ewald (PME) method. The de-
fault parameters of the PME method in Gromacs 5.1 are well

suited for atomistic simulations of a dense phase. For a sparse
system in a large simulation box, however, too fine mesh lim-
its the performance. To overcome the bottleneck we increase
the spacing dgrid between the grid points simultaneously with a
substantial increase in the real space cut-off distance rcut-off. The
ratio between the grid spacing and the cut-offdistance is kept ap-
proximately the same during the scaling. The optimal PME pa-
rameters for all systems simulated are shown in Table S2, as ob-
tained by the gmx tune_pme command of the Gromacs pack-
age.S1

3. ADDITIONAL POLYMER CHARACTERIZATION

Salts having mean B̄2 < 0, e.g., εanion = 1.1 kBT in our setup,
donot cross the isospheric point, as shown fromsimulations and
themean-field theory in Figure S1. The functionRg(c) is shifted
towards more collapsed states. The Rg corresponding to the iso-
spheric point is reached at higher salt concentration.
Distributions of radius of gyration of the polymer chain are

shown in Figure S2 for various salt concentrations. Themost re-
pulsive and attractive anions are chosen as examples in the top,
and bottom panels, respectively. The probability of radius of
gyration has a Gaussian distribution when the extended states
are populated. As the polymer collapses to the globule at in-
creased salt concentration, the distribution becomes more pos-
itively skewed. For highly charged polymers, no collapsed con-
formation (i.e., Rg < Rid

g = 2.19 nm) are present in the pure
solvent which quality is determined by εmer = 0.4 kBT.
Time evolution of the radii of gyration are shown in Figure S3

for fourteen simulations, which cover the whole range of ξ, csalt,
and εmer parameters employed in this work.
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Table S1: Parameters σ and ε in the LJ potential (eq 1) for the non-bonded interactions employed. The second virial coefficient B2 of
the interaction is computed at 298K. Themean values B̄2 of respective salts are evaluated.

interaction σ (nm) ε (kBT) B2 (nm3) B̄2 (nm3) interacting entities

A 0.4787 0.1 0.1059 cation–monomer
B 0.3385 0.1 0.0374 0.0717 anion–monomer
C 0.3385 0.3 −0.0017 0.0521 anion–monomer, ion–ion
D 0.3385 0.4 −0.0254 monomer–monomer (neutral or cationic polymer)
E 0.3385 0.5 −0.0510 0.0275 anion–monomer, monomer–monomer (anionic polymer)
F 0.3385 0.7 −0.1075 −0.0008 anion–monomer
G 0.3385 0.9 −0.1713 −0.0327 anion–monomer

Table S2: Simulation setups for various salt concentrations c in a cubic simulation box of an edge length d. Optimized parameters of
the particle mesh Ewald method are provided in the last three columns.

set c (mm) n ion pairs d (nm) rcut-off (nm) grid points dgrid/rcut-off
A 0 0 20.25 5.0 323 0.127
B 100 500 20.25 5.0 323 0.127
C 400 2000 20.25 3.8 423 0.127
D 1000 1250 12.76 2.7 403 0.118
E 2000 2500 12.76 2.5 423 0.121
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Figure S1: (a) Mean radius of gyration Rg obtained from the simulations of 200-mer bearing a charge fraction ξ = 0.05 as a function
of salt concentration. Symbols in the plots indicate the various strength of the interaction between the anion and the polymer, εanion.
Lines serve as a guide for the eye. Radius of gyration of an ideal chain Rid

g is indicated. (b) An effective radius of the polymer Rpol
computed from the mean-field theory for the very same system.
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Figure S2: Distribution of the radius of gyration Rg of 200-mer (εmer = 0.4 kBT) in various systems. The fraction of cationic
monomers, ξ = 0.00, 0.05 and 0.10, increases column wise from left to right. Panels in the top and bottom row depict the poly-
mer chain in repulsive (εanion = 0.1 kBT), and attractive (εanion = 0.9 kBT) salt solutions, respectively. The salt concentrations are
distinguished by line colors. For a neutral ideal chain the mean value Rid

g = 2.19 nm.
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Figure S3: Time evolution of the radius of gyration Rg of 200-mer in selected simulations. The first 25 ns is considered as a part of
equilibration and not included. Panels (a–d) show uncharged polymer, panels (e–j) weakly charged and panels (k–n) highly charged
cationic polymer. Different colors indicate various salt concentrations; symbols are used to distinguish the salt type.
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4. DONNAN POTENTIAL

The distribution of ions in the polymer phase creates a Donnan
potential φ in a self-consistent manner. In the chemical equilib-
rium, the electrochemical potential of any ion inside thepolymer
phase μ̄i equals to its (electro)chemical potential in the reservoir
μi,out:

μ+,out = μ̄+ = μ+ + z+eφ (3)

μ−,out = μ̄− = μ− + z−eφ, (4)

where z± is the charge number of ions (z± = ±1 in our case of
a uni-univalent salt), and e is the elementary charge.
The chemical potential of ions in the reservoir as well as the

chemical part of the electrochemical potential of ions in the
polymer phase can be evaluated as

μi =
∂F
∂Ni

∣∣∣∣
Nj 6=i,V,T

, (5)

where F is the non-electrostatic part of the Helmholtz free en-
ergy of the respective phase (polymer or reservoir) and Ni the
number of particular ions;Nj are the amounts of particles in the
phase and V and T is the volume and temperature of the phase.
The chemical potential of cations and anions μ±,out in the

reservoir solely depends on the salt concentration ρout in our
model:

βμ±,out = 2Bion
2 ρion +

2
3B3ρ

2
ion +

4
3B4ρ

3
ion + ln ρ±, (6)

where Bn are virial coefficients of the n-th order, ρion is the over-
all concentrationof ions in the reservoir and ρ± is the concentra-
tion of cation, or anion, respectively. In the case of uni-univalent
electrolyte, ρion = 2ρout, and ρ± = ρout. The second virial coef-
ficient between any ion pairs Bion

2 = 0 in our model. The higher
virial coefficients do not depend on the particle types in respec-
tive triplets and quadruplets in ourmodel and are approximated
by 2.00 σ6, and 2.64 σ9 (hard spheres), respectively.
Similar expressions for the chemical potential can be derived

also for the polymer phase within our model,

βμ+ = 2Bion
2 ρion + 2B+

2 ρmer +
2
3B3ρ

2
all +

4
3B4ρ

3
all + ln ρ+, (7)

βμ− = 2Bion
2 ρion + 2B−

2 ρmer +
2
3B3ρ

2
all +

4
3B4ρ

3
all + ln ρ−, (8)

where B±
2 stands for the second virial coefficient of monomer-

cation, or monomer-anion interaction, respectively, ρion =
ρ+ + ρ− is the overall concentration of ions in the polymer
phase, ρmer = N/Vpol is the density of monomers, and ρall =
ρion + ρmer is the total density of particles.
The Donnan potential φ can be evaluated from either eqs 3

and 4 directly, or by considering μ±,out = μ̄+ = μ̄−,

(z+ − z−) eφ = μ− − μ+. (9)

Values of the Donnan potential φ are depicted in Figure S4
as functions of salt concentration and type. The cation is more

repulsive than the anion in all evaluated salts, thus the Donnan
potential is negative in the uncharged polymer (panel a). In the
case of cationic polymers (panels b, c), the Donnan potential is
positive at low salt concentration. This can be explained as a
compensation of the entropic penalty caused by the presence of
negatively charged counterions to maintain the electroneutral-
ity. The less the counterion is attracted to the polymer the lower
the rate of the potential decrease with salt concentration.

5. ISOSPHERIC POINT

We have computed the concentration of various salt types when
the effective volumesof thepolymer are the same for the selected
salt pair. Such concentrations as a function of polymer charge
fraction ξ are shown in Figure S5.
We define an isospheric point as the salt concentration where

the effective volume of the polymer is the same regardless of a
salt type. The value of the isospheric point was found to be lin-
early dependent on the polymer’s charge fraction ξ, providing
the charge fraction is low (. 0.05). As the polymer’s charge
fraction increases, the isospheric point is gradually smeared out
to the range of concentration and deviated from the original lin-
ear trend.
Salts with a highly attractive anion (εanion & 1.1 kBT) do not

exhibit the isospheric point, as shown in Figure S5. This ob-
servation is consistent with the simulation data for the polymer
chain having the charge fraction ξ = 0.05, see Figure S1 (a).
Very weakly hydrated ions, such as perchlorate ClO4

– , are ex-
perimentally known to deviate in a similar manner.S2,S3
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Figure S4: Values of the Donnan potential φ between the polymer phase and the reservoir as a function of salt concentration and type,
computed using the mean-field theory. The polymer phase is formed by a 200-mer chain. The uncharged polymer is shown in panel
(a), while panels (b) and (c) depict cationic polymer consisting of charged monomers in a fraction ξ = 0.05, and 0.10, respectively.
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Figure S5: The isospheric point of a 200-mer as a function of its charge fraction ξ. Each line corresponds to a pair of salts. The isospheric
point is determined as a salt concentration where the effective volumes of the polymer phase coincide in both salt solutions.
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