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We performed Metropolis Monte Carlo simulations to investigate the
impact of varying acid and base dissociation constants on the pH-dependent
ionization and conformation of weak polyampholyte microgels under salt-
free conditions and under explicit consideration of the chemical ioniza-
tion equilibria of the acidic and basic groups and their electrostatic inter-
action. Irrespective of their relative acid and base dissociation constant,
all of the microgels undergo a pH-dependent charge reversal from posi-
tive to negative with a neutral charge at the isoelectric point. This charge
reversal is accompanied by a U-shaped swelling transition of the micro-
gels with a minium of their size at the point of charge neutrality. The
width of the U-shaped swelling transition, however, is found to depend
on the chosen relative acid and base dissociation constants through which
the extent of the favorable electrostatic intramolecular interaction of the
ionized acidic and basic groups is altered. The pH-dependent swelling
transition of the microgels is found to become broader, the stronger the
intramolecular electrostatic interaction of the oppositely charged ionized
species is. In addition, the intramolecular charge compensation of the
acidic and basic groups of the microgels allows their counterions to aban-
don the microgel and the associated gain in translational entropy further
amplifies the broadening of the pH-dependent swelling transition. The
analysis of the radial ionization profiles of the acidic and basic groups of
the differently composed microgels reveals a variety of radial ionization
patterns with a dependence on the overall charge of the microgels.
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1 Alternative representation of the titration curves

Here, we show an alternative representation of the titration curves of the acidic and
basic species of the differently composed microgels. Figure 1 shows the pH-dependent
degrees of ionization αA and αB. Other than in the main article, the scale of pH is
shifted by pKA

0 instead of pH(I), allowing for a direct comparison of the changing
ionization behavior of the acidic species with ∆pK0.
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Figure 1 Plots of the simulated pH-dependent degrees of ionization of the acid αA (top) and
base αB (bottom) in weak PA microgels of varying acidic/basic strength, as indicated by ∆pK0.
The scale of pH is shifted by pKA

0 . Colored lines with symbols correspond to simulation re-
sults. Error bars are smaller than the symbol size. The black dashed line corresponds to
the ideal titration curve of the acidic species at infinite dilution. The colored arrows indicate
pH−pKA

0 = pH(I) and show the deviation of the simulated αB from the ideal degree of ioniza-
tion αB

ideal of the respective system.
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2 Simulation snapshots

Figure 2 shows representative simulation snapshots to complement the discussion of the swelling behavior of the microgels with varying ∆pK0 and pH−pH(I).
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Figure 2 Simulation snapshots of weak PA microgels of varying acidic and basic strength, as indicated by ∆pK0, as a function of pH−pH(I). Uncharged beads (blue); negatively
charged beads (green); positively charged beads (red); cross-links (gray). The pictures are drawn to scale. Counterions are not shown. All snapshots were generated using VMD 1.
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3 Normalized number of counterions inside equally charged
microgels

In correspondence to the definition of the normalized charges in the main part of
the article, the normalized number of ionized counterions ni to be found inside the
microgel can be obtained as can be seen in Equation 1:

ni =

〈
4π|zi|∫ rgel

0 ρ i(rc)rc
2 drc

Ni
tot

〉
(1)

Herein, rc denotes the distance to the center of mass of the microgel, |zi| is the abso-
lute value of the number of charges of species i, rgel is the radius at which we defined
the microgel to end (see main article), ρ i(rc) is the radial particle density distribu-
tion of species i and Ni

tot corresponds to the total (charged and uncharged) number of
particles of that species.

Figure 3 shows a plot of the normalized numbers ncA and ncB of the ionized coun-
terions of the acidic and basic species, respectively, as a function of the effective
charge Zeff of the differently composed microgels.
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Figure 3 Normalized numbers ni of counterions to be found inside weak PA microgels of varying
acidic and basic strength, as indicated by ∆pK0, as a function of Zeff. Error bars are smaller than
the symbol size. Solid lines correspond to the normalized number ncA of counterions of the acid.
Dashed lines correspond to the normalized number ncB of counterions of the base.

It can be seen, how for intermediate values of |Zeff| , different amounts of the
ionized counterions can be found inside the polymer networks.
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