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Supporting Information Text

Dependence of the Brazil-nut effect on the bulk charge ratio

Table S1. Summary of the system parameters for the four binary systems. We report, for each particle, the average diameter σ as determined
by static light scattering (SLS) or scanning electron microscopy (SEM), the type of fluorescent dye used to label the particle, whether the
particle is locked or unlocked, and the dimensionless electrostatic surface potential βeψ0 as determined by electrophoresis (T = 298 K) and
the charge on the particle Z, assuming a Debye screening length κ−1 ≈ 6 µm; for each binary system, we give the mass ratio mL/mS, the
charge ratio ZL/ZS between the large and small particles, and indicate whether we observed the colloidal Brazil-nut effect (BN) for that system.
Values preceded by ∼ are estimates; see text for details.

Binary sys-
tem

Particle
σ

µm
Dye Locked? η βeψ0

Z

102
mL

mS

ZL

ZS
BN

1
U20 1.98 NBD no 0.02 3.3 2.9

2.0 1.2 no
U16 1.58 RITC no 0.02 3.9 2.4

2
L20 1.98 NBD yes 0.018–0.011 4.2–5.1 4.6–6.9

2.0 1.9–2.8 yes
U16 1.58 RITC no 0.02 3.9 2.4

3
U29 2.87 NBD no ∼ 0.02 ∼ 3.6 ∼ 6.7

11 ∼ 4.7 no
U13 1.30 RITC no ∼ 0.02 ∼ 3.6 ∼ 1.4

4
L29 2.87 NBD yes 0.006 3.8 9.0

11 ∼ 6.4 no
U13 1.30 RITC no ∼ 0.02 ∼ 3.6 ∼ 1.4

We prepared four binary systems (Table S1) with different buoyant mass ratios mL/mS = σ3
L/σ3

S, where σL and σS are
the diameters of the large and small particles, respectively. This relation is exact for monodisperse particles of homogeneous
and equal mass density and provides a good estimate for our slightly polydisperse systems. Table S1 also gives the charge
(number) ratios ZLe/(ZSe) = ZL/ZS, with ZLe and ZSe the respective charges of the large and small particles. In choosing the
particles for the binary mixtures, we exploited our observation that the covalent locking of the steric stabiliser (PHSA-PMMA)
molecules to other PMMA chains forming the core of the particle (see Methods) had a profound effect on the particle charge
(1). The phase behaviour and electrophoresis measurements indicate that locked particles carry a higher charge than the same
particles in the unlocked state.

The values in Table S1 for particles U16, U20, L20 and L29 were taken from (1) and were measured in single-component
systems at a volume fraction η ≈ 0.01–0.02. As for unlocked particles the surface potential seemed approximately independent
of the particle diameter (1), we assumed that the surface potentials of the particles U13 and U29 were similar to the surface
potentials of the particles U16 and U20 and used this value to calculate the charge numbers. The charge numbers of the
particles in the binary mixtures might have differed from the charge numbers obtained from electrophoresis due to charge
regulation, ionic strength, and volume fraction differences.

First, we consider binary systems 1 and 2, which have a mass ratio mL/mS = 2.0. The colloidal Brazil-nut effect is expected
for ZL/ZS ≳ mL/mS (2–4). For system 1, ZL/ZS = 1.2 and the Brazil-nut effect was not observed, in agreement with the
predictions from theory and simulations. For system 2, ZL/ZS varies between 1.9 and 2.8, depending on the sample. The
charge ratio was close to that at which the crossover to the Brazil-nut effect is predicted. Note that the crossover value depends
on the system parameters, such as the Debye screening length κ−1, the buoyant masses mL and mS of the particles (4), and
presumably also on the charges ZL and ZS of the particles. Because the charge ratio was close to the crossover value, only
slight changes in the charge ratio would be sufficient to change the system’s behaviour from Brazil-nut to non-Brazil-nut at
low overall volume fractions around η = 0.02. Indeed, we found that this system in some cases did and in other cases did not
display the Brazil-nut effect, again in agreement with the theory and simulations.

Next, we consider binary systems 3 and 4, both of which have a mass ratio mL/mS = 11. Our estimates for the charge ratio
ZL/ZS are ∼ 4.7 for system 3 and ∼ 6.4 for system 4. For the Brazil-nut effect to occur, the ratio ZL/ZS should be at least 11
(2, 3), but probably larger (4). The observations for systems 3 and 4 (no Brazil-nut effect) are thus also consistent with theory
and simulations.
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Characterization of particle charges and correspondence between particle charges and effective charges

Fig. S1. Charging of particles in one-component systems. Based on the electrophoresis measurements in Table S1, we calculate (a) the particle charges ZL
and ZS, and (b) the surface potentials ΦL and ΦS as a function of volume fraction η using a single-adsorption charge regulation boundary condition within the spherical cell
model. The results are valid for homogeneous systems.

From the particle charges of the one-component systems in Table S1, we can estimate the particle charges in the mixture.
First, we characterise the charge-regulation parameters in the one-component systems using the cell model. We approximate
the colloidal suspension consisting of N spherical cells of radius R, each containing a colloidal particle of radius a with charge
Ze. The cells can overlap, so the volume fraction is given by η = (a/R)3. The electrolyte consists of two monovalent ion
species, which within the mean-field approximation are described by the ion densities ρ±(r) = cs exp[∓ϕ(r)], with cs a given
bulk ion concentration of the salt ions. Inserting these densities in the Poisson equation gives the Poisson-Boltzmann equation
for a single cell

ϕ′′(r) + 2
r

ϕ′(r) = κ2 sinh[ϕ(r)], r ∈ (a, R] [1]

with the reservoir screening length κ−1 = (8πℓBcs)−1/2 and ℓB is the Bjerrum length. Furthermore, a prime indicates a
derivative with respect to r. We invoke that each cell is charge neutral, and using the Gauss law around the particle surface
gives the boundary conditions

ϕ′(a) = −ZℓB

a2 , ϕ′(R) = 0. [2]

For the particle charge, we assume that only cations can adsorb, using the same model as for the effective charge,

Z = γCcs exp[−ϕ(a)], [3]

with γC the cationic chargeability parameter (see main text). We added the superscript C to emphasise that the quantity is
associated with the actual particle charge, whereas in the main text, it is associated with the effective charge.

In Fig. S1, we use the data of Ref. (1) to estimate the particle charges and surface potentials of particles L20 and U16
in one-component systems. We used the experimentally determined particle charge to assess the value of γC for each of the
particles. There is a spread in the estimation of particle charges for the large green particles because there are two independent
measurements of the particle charge in which external factors can be changed (e.g., ionic strength). For our estimation, we did
not correct this but instead fixed κ−1 = 6 µm and instead calculated the range in which we expect the particle charges to lie.
It should be stressed that this is an estimate based on a very limited number of experimental data points.

In the case of a mixture, we can extend the cell model for the binary case. Such cell models have various realisations
depending on how the global charge neutrality condition is invoked. We choose a model where there are two types of cells,
there are NL cells of the first type contain a large particle with radius aL, and there are NS cells of the second type containing
a small particle with radius aS. Both types of cells have the same radius R, such that the volume fraction is ηi = xi(ai/R)3

with xi = Ni/(NL + NS) the number fraction for i =L,S. For each cell, we have a Poisson-Boltzmann equation again to solve

ϕ′′
i (r) + 2

r
ϕ′

i(r) = κ2 sinh[ϕi(r)], r ∈ (ai, R], [4]

for i =L, S. Within the binary cell model, we invoke global charge neutrality by imposing that the weighted average of all the
cells should be charge neutral. Furthermore, there is only one Donnan potential ΦD/(βe) common to every cell. We arrive at
the set of boundary conditions

ϕ′
i(ai) = −ZiℓB

a2
i

,
∑

i=L,S

xiϕ
′
i(R) = 0, ϕi(R) = ΦD. [5]
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Fig. S2. Charging of particles in binary mixtures. (a) Using the same parameters as in Fig. S1 for one-component systems, we estimate the particle charges ZL
and ZS as function of the total volume fraction η for a 1:1 mixture. (b) The surface potentials ΦL and ΦS correspond to the particle charges in (a). Furthermore, we plot the
expected range of the Donnan potential ΦD within the binary cell model.

Note that in this calculation, the Donnan potential should be self-consistently determined. For the charge, we use

Zi = γC
i cs exp[−ϕi(ai)], [6]

Using the estimate of the values for γC
S and the upper and lower bound estimate for γC

L , we calculate using this model the
approximate particle charges in a 1:1 binary mixture of particles L20 and U16 as a function of the total volume fraction, see
Fig. S2(a). Furthermore, from the same calculation, the surface potentials follow as well as the Donnan potential ΦD, see Fig.
S2(b).

This calculation provides a possible link between the particle charges for homogeneous systems and the effective charges
used in the main text within the point-charge model. For example, assuming that upon mixing suspensions consisting of
particles L20 and U16 that the ionic strength has not yet increased due to the decomposition of the solvent, we can calculate
the Donnan potential for a homogenous mixture within the point charge model ϕD/(βe) by using the effective charges. We used

ϕD = arsinh
{∑

i
Z0

i η̄i/[(π/6)σ3
i ]

2cs

}
[7]

which corresponds to Eq. (11) in the main text. Note that Z0
L,S are effective charges. Using the parameters to match the

sedimentation profiles of total volume fraction η̄ = 0.02 in the main text, we find ϕD = 2.2. This value is similar to the ΦD
obtained within the binary cell model using the actual particle charges. For the parameters used to describe the η̄ = 0.07
sample, we find ϕD = 2.7, giving again good agreement with the cell model result for ΦD. Therefore, the effective charges used
in the main text are expected to reasonably agree with the actual particle charges that are measured with electrophoresis. In
the main text, however, we used a smaller value for κ−1 because we expect that the ionic strength increases over time. This is
under the additional assumption that the ions generated in such processes do not contribute to the effective charg
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Additional information on the effects of charge regulation

(c)
<latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit>

(d)
<latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit>

(e)
<latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit><latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit><latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit><latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit>

(f)
<latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit><latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit><latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit><latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit>

(a)
<latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit><latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit><latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit><latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit>

(b)
<latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit><latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit><latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit><latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit>

(c)
<latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit>

(d)
<latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit>

(e)
<latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit><latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit><latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit><latexit sha1_base64="NpxBRUi/mo5LnV/59b/vONgJvDY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTxclCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCmJiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7XvPcmndfrzRu8jiKcAbnUAUPrqABd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AGLt41E</latexit>

(f)
<latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit><latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit><latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit><latexit sha1_base64="AIMiShCGFY1Q1A0ZCWOWwmnc2y0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb6ewsbm1vVPcLe3tHxwelY9P2iZONeMtFstYdwNquBSKt1Cg5N1EcxoFkneCye3c7zxxbUSsHnGacD+iIyVCwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDaz4RKUuSKLReFqSQYk/nfZCg0ZyinllCmhb2VsDHVlKFNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8weNPI1F</latexit>

(a)
<latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit><latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit><latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit><latexit sha1_base64="0y1J/769Ehy5LbO3aOn8t4Dz7qI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTp5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOFo41A</latexit>

(b)
<latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit><latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit><latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit><latexit sha1_base64="rYy8fHSjnU91Cbo8cNQNsC/GjjM=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVSDy0G54tbcBcg68XJSgRzNQfmrP4xZGqE0TFCte56bGD+jynAmcFbqpxoTyiZ0hD1LJY1Q+9ni1Bm5sMqQhLGyJQ1ZqL8nMhppPY0C2xlRM9ar3lz8z+ulJrz2My6T1KBky0VhKoiJyfxvMuQKmRFTSyhT3N5K2JgqyoxNp2RD8FZfXiftes1za959vdK4yeMowhmcQxU8uIIG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8weHKI1B</latexit>

(c)
<latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit><latexit sha1_base64="AqjSfhTwJvR3uYQSTXmGIRFG21A=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHWcKoYtFotYdQOqUXCJLcONwG6ikEaBwE4wuZ37nSdUmsfy0UwT9CM6kjzkjBorPVTZ5aBccWvuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2vea5Ne++Xmnc5HEU4QzOoQoeXEED7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QOIrY1C</latexit>

(d)
<latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit><latexit sha1_base64="cq5MZgnQTHFKSDljESwL/13b/xo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRrEK2FhGNB+QHGFvby9Zsrd37M4JIeQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZF6RSGHTdb6ewsbm1vVPcLe3tHxwelY9P2ibJNOMtlshEdwNquBSKt1Cg5N1UcxoHkneC8e3c7zxxbUSiHnGScj+mQyUiwSha6aEaXg7KFbfmLkDWiZeTCuRoDspf/TBhWcwVMkmN6Xluiv6UahRM8lmpnxmeUjamQ96zVNGYG3+6OHVGLqwSkijRthSShfp7YkpjYyZxYDtjiiOz6s3F/7xehtG1PxUqzZArtlwUZZJgQuZ/k1BozlBOLKFMC3srYSOqKUObTsmG4K2+vE7a9Zrn1rz7eqVxk8dRhDM4hyp4cAUNuIMmtIDBEJ7hFd4c6bw4787HsrXg5DOn8AfO5w+KMo1D</latexit>

(e)
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Fig. S3. Effect of charge regulation on density profiles and local particle charge (a,c,e) Equilibrium sedimentation profiles with height-dependent
packing fractions ηi(z) for a binary mixture of charge colloidal particles with and without charge regulation. The inset shows the same plots but in a linear-log scale, highlighting
the density inversion that can occur due to charge regulation. (b,d,e) Height-dependent colloidal charge numbers Zi(z) for small (S) and large particles (L) for the cases
(a,c,e), respectively. (a-d) The charge number of the homogeneous mixture are Z0

L = 300, Z0
S = 100, for constant charge (full lines, lines in (a,b) are duplicated in (c,d) for

clarity), charge regulation with only adsorption of cations (dotted lines, αS = αL = 0, lines from (a,b) are duplicated in (c,d)) and charge regulation where also anions can
adsorb, but only on the small particles (dotted line in (a-b), αS = 0.5, αL = 0), or only on the large particle (dotted line in (c-d), αS = 0, αL = 0.5). (e-f) Same plots but
with lower charge, Z0

L = 150, Z0
S = 100, full lines are again constant charge; dotted lines are charge regulation with only cation adsorption (αS = αL = 0). For the dashed

lines, small particles can also adsorb anions (αS = 0.6, αL = 0).

In Fig. S3, we highlight the effects of charge regulation on the density profiles and local particle charge in equilibrium. The
non-equilibrium case is discussed in the main text. In all the examples, the large particle (green) has a higher particle charge
than the small particle (red) in bulk.

First, we discuss the case where the bulk charges are tuned such that there is a Brazil-nut effect (top row of Fig. S3), and
the green particles reside at higher z than the red particles. Fixing bulk charges, rather than equilibrium constants, allows for
a straightforward comparison between the various cases. When the particles are charge regulating and acquire their charge
purely via cation adsorption (dotted lines), we only see a small difference with the constant-charge case (full lines). Both types
of particles acquire a higher density at low z [inset of Fig. S3(a)], and particles discharge for low z because the local density is
higher [Fig. S3(b)]. Dotted lines are repeated in Figs. S3(c) and (d).

When also anion adsorption is possible, it is not enough to specify the bulk charges of the particles. In addition, we need to
fix the scaled equilibrium constant for anion adsorption αi (i = L, S), see Methods. When anions can adsorb a particle, they
have a larger tendency to discharge at high local density; this is demonstrated in the dashed lines Figs. S3(b) and (d) for anion
adsorption on the small and large particle only, respectively. Indeed, the local charge ratio between large and small particles
increases for αL ̸= 0 [Fig. S3(b)], whereas it becomes smaller for αS ̸= 0 [Fig. S3(d)]. Furthermore, anion adsorption changes
the shape of the density profile for the particle that resides at larger z [Fig. S3(c)] if it is allowed to adsorb anions. This shape
change is associated with a change of the local charge ratio at sufficiently low z, so the condition for the Brazil-nut effect to
occur is violated locally.

Finally, similar effects occur when there is no Brazil-nut effect (bottom row of Fig. S3). Charge regulating particles with
cation adsorption only differ quantitatively in density profiles from the constant-charge case S3(e) at low z. Anion adsorption
can drastically change the shape of the profile when it occurs on the particle residing at larger z.

The effects of charge regulation in equilibrium are summarised in Fig. S4. Here we take mL/mS = 2. For constant-charge
particles, a Brazil-nut effect occurs in equilibrium when Z0

L/Z0
S > mL/mS, and this is indeed observed if we probe the mean

height as a function of the charge ratio, full lines in Fig. S4a. When both particles are charge regulating but with only
cation adsorption allowed, the mean heights are altered for a fixed bulk charge ratio. Still, the transition to a Brazil-nut
effect occurs approximately at the same charge ratio as the constant-charge case. When anion adsorption is included, one can
either suppress the Brazil-nut effect or induce the Brazil-nut effect compared to what is expected on the charge ratio of the
homogeneous mixture. In Fig. S4b, we show that anion adsorption on the large particle with lower charge can locally decrease
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Fig. S4. Effect of charge regulation on the occurrence of the Brazil-nut effect in equilibrium a Mean heights hi for small (S) and large (L) particles
concerning the sample cell height H, as a function of the charge ratio Z0

L/Z0
S of the homogeneous mixture for constant charge (full lines) and charge regulation with cation

adsorption only (dashed lines, αL = αS = 0). b State diagram of the colloidal Brazil nut effect (Brazil-nut effect, occurs for hL/hS > 1) as a function of the tendency for
anion adsorption on the large particle, as quantified by αL, but when no anions can adsorb on the small particle (αS = 0). c Same as in b, but now as a function of the anion
adsorption tendency on the small particle, controllable by the parameter αS, and no anion adsorption on the large particle (αL = 0). In all plots Z0

S = 100, Debye screening
length κ−1 = 1 µm, volume fractions of the homogeneous mixture η̄L = η̄S = 0.01, and other parameters are the same as the ones from the experiment, see main text.

the charge ratio and therefore suppress the Brazil-nut effect for Z0
L/Z0

S > mL/mS. In contrast, when there is anion adsorption
on only the small particle, locally, the charge ratio can increase, therefore inducing the Brazil-nut effect for low charge ratios
Z0

L/Z0
S < mL/mS, see Fig. S4c.

Finally, note that the shape of the density profile is also important for the mean height: the particle species that can adsorb
anions sometimes has a non-monotonous density profile, with a local maximum that becomes more pronounced for larger anion
affinity. This can again increase the mean height of this particular particle species, which explains the “re-entrant" behaviour
of (no) Brazil-nut effect in Figs. S4(b-c) for higher (αL) αS, at sufficiently (high) low Z0

L/Z0
S.
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Effects of unequal diffusion constants

<latexit sha1_base64="McKKcSmOFBexqeb/jLqeZ7iWmaU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3iIqngBePEc0DkiX0TmaTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VZQ1aCxi1Q5QM8ElaxhuBGsnimEUCNYKRrczv/XElOaxfDTjhPkRDiQPOUVjpYcynveKJbfizkFWiZeREmSo94pf3X5M04hJQwVq3fHcxPgTVIZTwaaFbqpZgnSEA9axVGLEtD+ZnzolZ1bpkzBWtqQhc/X3xAQjrcdRYDsjNEO97M3E/7xOasJrf8Jlkhom6WJRmApiYjL7m/S5YtSIsSVIFbe3EjpEhdTYdAo2BG/55VXSrFa8y8rFfbVUu8niyMMJnEIZPLiCGtxBHRpAYQDP8ApvjnBenHfnY9Gac7KZY/gD5/MHiJGNSQ==</latexit>

(a)
<latexit sha1_base64="iY+ISvxkW7Oqdv6GtE9TGpke6+Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3iIqngBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00kM5OO8VS27FnYOsEi8jJchQ7xW/uv2YpRFXyCQ1puO5CfoTqlEwyaeFbmp4QtmIDnjHUkUjbvzJ/NQpObNKn4SxtqWQzNXfExMaGTOOAtsZURyaZW8m/ud1Ugyv/YlQSYpcscWiMJUEYzL7m/SF5gzl2BLKtLC3EjakmjK06RRsCN7yy6ukWa14l5WL+2qpdpPFkYcTOIUyeHAFNbiDOjSAwQCe4RXeHOm8OO/Ox6I152Qzx/AHzucPihaNSg==</latexit>

(b)

Fig. S5. Influence of not equal diffusion coefficients. We replotted the theoretical prediction for the experimental data for (a) the η̄ = 0.02 sample and (b) the
η̄ = 0.07 sample as the solid lines, assuming an equal diffusion coefficient for large and small particles. The same data can be found in Fig. 2 (main text, solid lines). As
dashed lines, we plot the results when we take the diffusion coefficients to be unequal, approximating the ratio of diffusion coefficients by the Stokes drag formula and invoking
the fluctuation-dissipation theorem.

In the main text, we made two main assumptions regarding the collective diffusion coefficients of the charged colloidal
particles. (i) We neglected hydrodynamic interactions such that the diffusion constants are effectively that of a single particle.
(ii) We assumed an equal diffusion coefficient for the charged colloidal particles to reduce the number of fitting parameters.
Therefore, this could be a limiting assumption. Here, we will relax condition (ii) to investigate an unequal diffusion constant of
the particles. We use the large particle to set the time scale of diffusion, i.e.

τD = σ2
L

4DL
. [8]

We do not attempt to determine the single particle diffusion constant DL like in the main text. However, we can approximate
the ratio between the diffusion constants of large and small particles. This ratio within the Stokes-Einstein approximation is
DS/DL = σL/σS = 1.25 for the particles L20 and U16 used in the main text. Using this result, we recalculated the density
profiles describing the experimental data in the main text, keeping all other model parameters fixed, see Fig. S5, dashed lines.
An unequal diffusion constant changes the density profiles slightly quantitatively but does not change the shape compared to
the equal-constant approximation. Therefore, we are confident that the equal-diffusion constant model in the main text is
justified.
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Movie S1. Sedimentation profile in a binary suspension of large (green) and small (red) particles at an overall
volume fraction of 0.02. Particles sediment towards the top wall. This sample exhibits the colloidal Brazil-nut
effect. Video shows a stack of xy confocal microscopy images, as viewed when starting at the top wall and
moving downwards. Video corresponds to sample 2 in Table S1. The density profile is shown in Fig. 3a.

Movie S2. Sedimentation profile in a binary suspension of large (green) and small (red) particles at an overall
volume fraction of 0.07. Particles sediment towards the top wall. This sample does not exhibit the colloidal
Brazil-nut effect. Video shows a stack of xy confocal microscopy images, as viewed when starting at the top
wall and moving downwards. Video corresponds to sample 2 in Table S1. The density profile is shown in Fig.
3b.
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