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Concentration dependence of the sedimentation coefficient

Figure S1 depicts a representative plot of the concentration-dependent inverse
sedimentation coefficient. The apparent slope accounts for the concentration
dependence of the sedimentation coefficient and can be related to the sedimentation
coefficient extrapolated to infinite dilution to calculate ks or K.
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Figure S1: Schematic illustration depicting how to extract the apparent slope for the description of the

concentration dependency and intercept at the ordinate for the extraction of the sedimentation coefficient
at infinite dilution via AC.



Hindrance function

Given the case that the sedimentation velocity gradually decreases with the volume
fraction, the sedimentation coefficient can be obtained when introducing the hindrance
function hy,;,q according to:'2

(op—pp) - x°
S=—1gp  Thina(®) (51)

hhing is expressed as a function of the particles’ volume fraction ¢, and the relative
apparent viscosity e’

(1- CV)2
nrel(CV) (52)
with — m,(cy) =1 -¢) ™"

hhind(CV) =

The exponent n is a rheological coefficient, which depends on hydrodynamic non-
ideality effects such as hindered settling and particle interactions.” Combination of
Equations (S1) and (S2) and subsequent linearization leads to an expression of the
sedimentation coefficient as a function of the volume fraction, which is equivalent to
the relation given in Equation (5) in the main manuscript. From this expression, we can
conclude that the description of the concentration dependence of the sedimentation
properties through the Gralen coefficient and the hindrance function are equivalent and
can thus be easily interchanged.

The hindrance function describes the dependency of the sedimentation velocity as a
function of the volume fraction and rheological coefficient n according to:

(pp=pp) - 2°

o (S3)

log(s)=(2+n)-log(1-¢) +log




Particle size distributions for silica and polystyrene particles
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Figure S2: (Left) Particle size distributions of plain silica particles for different nominal particles sizes as
measured by AC at low concentrations. The relative standard deviations of the particle size distributions
are indicated in the legend. (Right) Particle size distributions for polystyrene (PS) particles for different
nominal particles sizes as measured by AC at low concentrations. The relative standard deviations of
the particle size distributions are indicated in the legend.



Conductivity measurements

For each sample, the conductivity was measured at various particle volume fractions.
The data are shown in Figure S3 For each sample, a linear relationship between
conductivity and the particle volume fraction was observed, which confirms the

presence of a weak electrolyte.
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Figure S3: Measured conductivity of a particle dispersion at different particle concentrations. The
nominal diameter of the silica particles in the dispersion was 1000 nm.
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A is the molar conductivity, u is the conductivity and c,, is the ion concentration.
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Figure S4: Experimentally determined Debye screening lengths of particle dispersions for various
particle sizes for plain silica particles. The conductivity measurements were performed at various particle
concentrations. The maximum, mean and minimum particle volume fractions were 0.0138, 5.5x10-% and
5.5x10-4, respectively, hence, covering the whole range of concentrations, which have been investigated

within this study.



Lattice Boltzmann simulations
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Figure S5: Apparent slope versus sedimentation equivalent diameter as retrieved from lattice Boltzmann

simulations. The retrieved values are compared to the hard-sphere model, which is provided by a
constant Gralen coefficient of Ks = 6.55.
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Figure S6: Repulsion range versus sedimentation equivalent diameter for silica particles with nominal

sizes larger than 100 nm. The effect of polydispersity, which is taken into account as a change in particle
size by 25 %, is indicated.



Effect of self-sharpening
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Figure S7: Exemplary sedimentation profile as observed in an SV-AC experiment for an ideal case (blue
dashed line) and for the case of a strong concentration dependency of the sedimentation behavior (black
line)

Normalized sedimentation velocity versus particle volume concentration

1.01

o
(&)
1

han P
_— -
-}

0.0

norm. sed. velocity / -

— 1K c,
I = 1a+kge)

-05 ' T T T T T T
0.00 0.05 0.10 0.15 0.20
particle volume concentration ¢, / -

Figure S8: Normalized sedimentation velocity as calculated from Equation (7) (blue dashed line) and
Equation (8) (black straight line) from the main manuscript as a function of the particle volume fraction.



Stability — Zeta potential
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Figure S9: Zeta potentials for plain silica particles (grey bars) and surface-functionalized silica particles
(orange bars) over a broad size range from 100 nm to 1000 nm.

Reproducibility of analytical centrifugation measurements
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Figure S10: Reciprocal sedimentation coefficient as a function of particle concentration measured in two

different AC experiments. Data points are indicated with circles, a linear fit was introduced as indicated
by the lines. A perfect match of the two linear fits can be observed.



Measurement of Gralen coefficients for silica particles and error propagation for
the Gralen coefficient and the apparent slope

The Gralen coefficient is denoted as ks and describes the dependency of the
sedimentation coefficient on the particle mass concentration. According to Equation
(7) in the main manuscript, the parameter K; describes the dependency of the

sedimentation coefficient on the particle volume fraction. These two parameters can
be used interchangeably.
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Figure S11: (Left) Gralen coefficients for plain silica particles with different sedimentation equivalent

diameters. (Right) Theoretical apparent slope as a function of sedimentation equivalent diameter for
different preset values of K.

In the following Equations ((S5) to (S10)) the error propagation of the Gralen coefficient

ks is calculated:
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Ak, = 6—51-Asl +6—82-A52 +6—61'A01 +6—C2'ACz (S10)

Assuming a particle with a mean particle size of 200 nm, a sedimentation coefficient of
17822 Sved results. The sedimentation coefficients at c; = 0.1 g/L and ¢, = 12 g/L are
sy = 17810 Sved and s, = 16524 Sved. We assume a maximum error for the
concentration of 2 % and for the sedimentation coefficient of 1 %. Taking into account
hard-sphere interactions, the value for K is 6.55. Considering Equation S9 and the
parameters mentioned above, the error for the K value is calculated to be + 0.8.

In the following Equations ((S11) to (S16)), the error propagation of the apparent slope
is calculated:

1 1
x> (s11)
€16
1
ox s: (S12)

ax 55 (S13)

3
X 51 52 (S14)

6_c1 B (c1- Cz)z

(1 1)
X S1 S2 (S15)
0cy (C1‘C2)2
ax= (25 s P (X ns, Pt (2K ne )P+ [2F - ac, )
] ] S . S . C . C
0s, 1 0s, 2 dcy 1 dc, 2 (S16)

For the values given above, the error in the slope amounts to (6.62 + 0.77)*10* Sved-
1
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Apparent slopes for plain silica particles dispersed in acetate buffer solutions
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Figure S12: Apparent slope versus sedimentation equivalent diameter for plain silica particles. The
experimental values for silica particles dispersed in a buffer solution are shown for comparison.

12



Particle interactions for polystyrene particles

Based on the results for silica particles, we tested the applicability of our method by
transferring it to another material system, namely polystyrene particles. Notably, the
polydispersity of the polystyrene particles is reduced with respect to the polydispersity
of the silica particles (see both panels of Figure S2). However, polystyrene particles
can be synthesized with a high surface charge3, hence we believe the transfer of our
protocol to this material system particles serves as a proof of principle for our protocol.
Moreover, the sedimentation analysis of polystyrene particles via SV-AC is more

challenging as the difference of the polystyrene particle density and the solvent density
is much smaller.

We determined apparent slopes from AC experiments for various sedimentation
equivalent diameters following the procedure for the silica particles. One
representative result for polystyrene particles with a nominal diameter of 200 nm is
presented in Figure S13 left, confirming a linear dependency of the reciprocal
sedimentation coefficient as a function of the particle volume fraction. The measured
apparent slopes versus the sedimentation equivalent diameter are depicted in Figure
S13 right. The error bars indicate the uncertainties of the linear regressions.
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Figure S13: (Left) Reciprocal sedimentation coefficient versus volume fraction for polystyrene (PS)
particles with a nominal diameter of 200 nm. The sedimentation coefficient at infinite dilution is obtained
from extrapolation to zero concentration. The apparent slope is retrieved from a linear fit of the data.
(Right) Apparent slope as a function of the sedimentation equivalent diameters for polystyrene particles
(red circles). The hard-sphere model is indicated (black dashed line).

We further calculated the apparent slopes for polystyrene particles, assuming a hard-
sphere model, which are presented alongside the measurement results in Figure
S13 right. Slight deviations are attributed to the low density difference of polystyrene
particles and water, which leads to minor instabilities due to small temperature
fluctuations within the measured sedimentation boundaries.*5 It is evident that the
sedimentation properties of polystyrene particles are governed by hard-sphere type
particle interactions for sedimentation equivalent diameters spanning over a broad
range of particle sizes. Our observations are in line with our expectations from
theoretical considerations since the interparticle distances at a volume fraction of 0.01
are 560 nm, 1681 nm and 2242 nm for 200 nm, 600 nm and 800 nm sized polystyrene
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particles, respectively. The two latter are even beyond the theoretical Debye length of
pure water at pH 7, which is 953 nm at 20 °C. Notably, the Debye screening length of
pure water is calculated based on the ion concentrations of OH- and H*, respectively.
The respective repulsion ranges are therefore 1.78 x 102, 5.93 x 102 and 4.45 x 103
when assuming a Debye screening length of 10 nm.

Therefore and as confirmed experimentally, electrostatic interactions of the
investigated polystyrene particles are not expected to have a measurable effect on
sedimentation non-ideality. Conclusively, our protocol for the investigation of
interparticle interactions via sedimentation analysis has been successfully transferred
from polydisperse silica particles to another material system with reduced
polydispersity, which confirms our expectations and further underlies the applicability
of our experimental approach.

Effect of polydispersity on the retrieved Gralen coefficient
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Figure S14: Apparent median sedimentation coefficients s normalized by the sedimentation coefficient
at infinite dilution s, as retrieved from BD simulations (blue data points and dashed line) and normalized
apparent sedimentation coefficients from Equation 7 (black data points and straight line).
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Effect of self-sharpening from BD simulations
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Figure S15: Cumulative sedimentation coefficient distributions at various particle volume fractions as
retrieved from data analysis after hydrodynamic simulation. Data was simulated via BD simulations for
silica particles with a mean particle size of 600 nm and a polydispersity of 10 %. Hydrodynamic non-
ideality was included by considering a K; value of 7.

Normalized measured sedimentation coefficient to the value at infinite dilution

for 30 nm silica particles
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Figure S16: Measured normalized apparent sedimentation coefficients for fluorescent silica particles
with a nominal diameter of 30 nm at various particle volume fractions. A linear fit was applied to the data

for the determination of the slope.
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