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Suspension by Cations
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PS 1. A graphene substrate grown on copper foil by chemical vapor deposition
(CVD)

Figure S1 shows a photograph of a graphene substrate grown on a copper foil by
chemical vapor deposition (CVD), which is manufactured by Chongqing Graphene
Technology Company. The coverage of graphene monolayer is more than 99%.

Figure S1. Photograph of a graphene substrate grown on copper foil by chemical
vapor deposition (CVD).

PS 2. The distribution of F-PS particles with diameters of 1.0 um and 0.1 um along
the outward radial direction within the deposit pattern.

Figure S2 shows the distribution of F-PS particles with diameters of 1.0 um and
0.1 um along the outward radial direction within the deposit pattern dried from
suspension containing bi-dispersed F-PS particles and 2.0 mM MgCla. It is observed
that the large particles uniformly distribute throughout the deposit pattern, while most
of the small particles accumulate at the rim. The width of the rim part, where the
majority of the small particles accumulate, is about only 1/5 of the radius of the deposit.
This observation indicates that the separation distance between large and small particles
is relatively large within the deposit.



Figure S2. The distribution of F-PS particles with diameters of 1.0 um and 0.1 um
along the outward radial direction within the deposit pattern. (a) SEM images of the
deposit pattern dried from suspension containing bi-dispersed F-PS particles (1.0 um
and 0.1 um in diameters) and 2.0 mM MgCl: on a single layer graphene. (b-e¢) The
zoom-in SEM images of the selected areas along the outward radial direction.

PS 3. Size-dependent separation of particles controlled by MgCl,, CaCl,; and NaCl
with different concentrations
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Figure S3. The size-dependent spontaneous separation between F-PS particles with
diameters of 1.0 um and 0.1 pm on a single layer graphene by adding trace amounts of



MgClz. (a-d) The zoom-in SEM images of the selected area at the center of the
corresponding deposit patterns, respectively. (e-h) SEM images of deposit patterns on
graphene dried from suspensions containing bi-dispersed F-PS particles and different
concentrations of MgCl. (i-1) The zoom-in SEM images of the selected area at the rim
of the corresponding deposit patterns, respectively.
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Figure S4. The size-dependent spontaneous separation between F-PS particles with
diameters of 1.0 um and 0.1 pm on a single layer graphene by adding trace amounts of
CaClz. (a-d) The zoom-in SEM images of the selected area at the center of the
corresponding deposit patterns, respectively. (e-h) SEM images of deposit patterns on
graphene dried from suspensions containing bi-dispersed F-PS particles and different
concentrations of CaCla. (i-1) The zoom-in SEM images of the selected area at the rim
of the corresponding deposit patterns, respectively.
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Figure S5. The size-dependent spontaneous separation between F-PS particles with
diameters of 1.0 um and 0.1 pm on a single layer graphene by adding trace amounts of
NaCl. (a-d) The zoom-in SEM images of the selected area at the center of the
corresponding deposit patterns, respectively. (e-h) SEM images of deposit patterns on
graphene dried from suspensions containing bi-dispersed F-PS particles and different
concentrations of NaCl. (i-1) The zoom-in SEM images of the selected area at the rim
of the corresponding deposit patterns, respectively.

PS 4. Estimation of the dependence of the attractive force induced by hydrated
cation-m interactions on the particle diameter

Due to the strong hydrated cation-m interactions between hydrated cations and
aromatic rings, the adsorption probability of a cation onto an aromatic-rich surface is
proportional to the surface area (p < aS) when the surface is immersed in solutions
with a given cation concentration, where « is the adsorption constant depending on
the properties of the cation and surface as well as the cation concentration. When a F-
PS particle with a dimeter of R approaches to the graphene surface driven by the random
thermal motion, we could estimate the effective adsorption areas of the hydrated cation-
7 interactions on the graphene substrate Seff-graphene and particle surface Seftps (the
surface of a spherical cup).

As shown in Figure 4b, the maximum interaction distance of the cation-mediated
hydrated cation-n interactions between F-PS particle and the graphene substrate is
denoted by 7;,,4,- As the interaction distance of hydrated cation-n interaction (less than
1 nm) is small relative to the particle diameter R, it is easy to verify that both the
effective interaction areas Seft-ps and Seff-graphene are approximately proportional to the



particle diameter R. As a result, when a particle approaches to the graphene substrate
driven by the random thermal motion, the probability that a cation simultaneously
adsorbs to the graphene substrate and the F-PS particle surface could be expressed as

2
Padsorb % apsSeff—ps X agraphenesgraphene o« R<.

Thus, for a F-PS particle approaching to the graphene substrate, the attractive force F,
between the particle and substrate induced by the hydrated cation-r interactions, which
is proportional to the adsorption probability Padsorb, 1S approximately proportional to the
squared particle diameter as F,~R?2.

PS 5: Contact angles of suspension droplets on graphene and PET substrates

Figure S6 shows the contact angles of suspension droplets containing bi-dispersed
F-PS particles (1.0 um and 0.1 um in diameters) and different concentrations of MgClz
(0 mM and 6.0 mM) on single-layer graphene and PET substrates. The results
demonstrate that both the single-layer graphene and the PET substrates have contact
angles larger than 75°

Figure S6. The contact angles of suspension droplets containing bi-dispersed F-PS
particles (1.0 um and 0.1 um in diameters) and different concentrations of MgCl (0
mM and 6.0 mM) on single-layer graphene and PET substrates. (a) 0 mM MgCl2 on
graphene substrate. (b) 6.0 mM MgCl: on graphene substrate. (c) 0 mM MgClz on PET
substrate. (d) 6.0 mM MgClz on PET substrate.



