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TABLE S1. A table of all samples and their parameters used in this work. Solid silica spheres are denoted by the prefix S while hollow silica
superballs are denoted by the HSB prefix in the sample name. The outer m value denotes the shell shape while the inner m denotes the core
shape. The thickness, t, is in nm along with half the distance between two flat faces, a, or the radius in the case of spherical particles.

Name Outer m Inner m t(nm) a(nm)

S1 2 – – 233
S2 2 – – 206

HSB1 2.6 3.65 220 512
HSB2 2.8 3.65 187 446
HSB3 3.1 3.65 56 315
HSB4 3.3 3.9 111 413

FIG. S1. Images of the experimental set-up. (a) A photograph of the custom humidity chamber with hydrophobic plate aligned with the
X-ray path for SAXS measurements, and (b) An image of two dispersion droplets of silica spheres (left) and hollow superballs (right) on a
superhydrophobic plate. The droplets have a radius of approximately 1-2 mm.
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FIG. S2. (a) Average droplet size over time for six droplets drying inside the humidity chamber under a microscope camera (purple line) with
the standard deviation as the error overlayed with the individual time points of the varying droplets (purple circles). As the droplets dry, the
standard deviation in sizes becomes larger because not all droplets reached the same final diameter. (b) The average droplet volume (purple
line) calculated from the average droplet diameter in (a) is plotted with the expected volume fraction of superball particles (orange line) when
starting from a 15v% droplet. Analyzed images were collected with a Zeiss Axio Imager.A1 upright microscope at low magnifications. We
note that microscope experiments where completed with separate droplets apart from the x-ray experiments.
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FIG. S3. Time resolved scattering profiles of both sphere experiments (a) S1 and (b) S2 for the whole-time range. The insets depict the
normalized scattering power, Q*, that corresponds with the experimental scattering profiles.

FIG. S4. Time resolved scattering profiles of hollow superball dispersion droplets with increasing m value; (a) HSB1, (b) HSB2, (c) HSB3,
and (d) HSB4. The insets depict the normalized scattering power, Q*, that corresponds with the experimental scattering profiles.
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FIG. S5. (a) The calculated Percus-Yevick structure factor at a particle volume fraction of φ = 15% (blue line) and at φ = 50% (orange
line). The Percus-Yevick S(q) is generally used for hard particle interactions, and we have calculated for our starting φ. (b) Here, we use the
model form factor of a core-shell spherical particle with a diameter of 1 µm defined as P (q) = [ 3

Vs
(Vc(ρc − ρs)

sin qrc−qrc cos qrc
(qrc)3

+ Vs(ρs −
ρsolv)

sin qrs−qrs cos qrs
(qrs)3

)] where Vs is the volume of the shell and core, Vc is the volume of the core, rs is the radius of the particle, rc is the
radius of the core, ρs is the scattering length density (SLD) of the core, ρs is the SLD of the shell, and ρsolv is the SLD of the solvent (blue
line). We multiply the calculated Percus-Yevick structure factor by the P (q) at φ = 15% (orange line) and φ = 50% (green line). From the
curves, we can conclude that while at 15% two small S(q) peaks appear around q = 3.5 and q = 6 µm−1, the influence on the overall I(q) is
negligible for the experimentally accessible q-regime of q = 7− 40 µm−1.
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FIG. S6. Overview of the drying process directly visualized by optical microscopy of a hollow superball monolayer. For each stage of
dewetting, a schematic, optical microscopy images, and corresponding FFT image is provided for the (A) fully wetted monolayer, (B) onset
of dewetting, (C) superballs emptying, and (D) fully dry monolayer. (E) Compares the 1D radially averages of the FFT images for each stage
of dewetting. The optical microscopy experiment was done on a Nikon Eclipse inverted microscope, and the sample was recorded over 300s
with a frame rate of 2 frames per second. FFT of the monolayers was done via ImageJ and 1D patterns were plotted for comparison.
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FIG. S7. (a) Time resolved scattering profile for m = 2.6 where the time step between curves is 1.2 min. (b) Peak position of q0 and q1 over
time - excluding the shoulder peak that emerges from the q0. (c) The ratio of q1/q0 and q2/q0 as the droplet dries. The ratio remains relatively
constant as the droplet dries.
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FIG. S8. 2D SAXS images of samples m=2.8, m=3.1, and m=3.3 before the dewetting transition.
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FIG. S9. Selected structure factor patterns are stacked in these plots until the de-wetting point which was extracted from the normalized
scattering power, Q*. The experiment (a) for spheres, S1, is shown until 22.86 minutes. For hollow superballs, (b) HSB1, (c) HSB2, (d) HSB3,
and (e) HSB4 is plotted up until 24.06, 25.26, 24.06, and 25.26 minutes, respectively. The time between the stacked patterns in all panels has
a consistent gap of 1.2 minutes between patterns (as shown in the legend in the last panel).
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FIG. S10. The structure factor of (a) S1 and (b) S2 before dewetting at 22.86 minutes (orange line). The proposed para-cystalline model (thick
black line) has the same distortion factor, σ = 0.11, for (a) and (b).
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FIG. S11. Model line of α vs the m value. Markers are for the experimental m values. For calculations involved, see the main text.
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SUPPLEMENTARY NOTE I. DISCUSSION OVER THE POROD INVARIANT

We denote φ0 as the volume fraction occupied by particles and φ1 as the ratio of the void volume relative particle volume. The
volume outside the particles (1 − φ0) is occupied by water in the wet state and by air in the partial and complete drying cases.
We further assume that the voids, φ0 · φ1, inside the particles are filled with water in the wet and partially dry state and with air
in the completely dry state. The remaining volume φ0 · (1 − φ1) is silica and we assume its density does not change much in
going from the wet to dry states.

The realistic value of φ0 is ∼ 0.6 at the moment when air enters the droplet, and φ1 = 0.70− 0.85 based on EM images. The
scattering length density contrast between silica and air is a factor of 1.8 − 2 times higher than that between silica and water.
With these values one expects that the Porod invariant, Q, should increase 3.4 − 4 times by going from the wet to completely
dry state while the partially wet state should have the Q value close to that in the completely dry state within the range of the
numerical values mentioned above.

SUPPLEMENTARY NOTE II. DESCRIPTION OF THE DEWETTING PROCESS

Figure S4 depicts the drying process in a 2D system made of a superball monolayer. As the system dries, we can clearly
identify the distinct phases we have seen in the SAXS patterns. Initially, the monolayer is fully wetted where the particle cores
and surrounding medium are water. This creates a defined contrast between the particles’ shell and makes them easily visible.
As the water in the surrounding medium evaporates, the particles’ core remains filled. In B, we can no longer visibly see the
shell, but rather the entire particle. When the water empties out, we see how each individual particle changes rather than all
at once. Eventually, all of the water empties from the superball cores and we have a better contrast in the images due to the
complete change in medium.

We collected fast Fourier transforms (FFT) of the monolayers for each phase of dewetting. By directly observing and radially
averaging them, we can see how each phase changes. For the fully wet and fully dry monolayer, the patterns are remarkable
similar to each other and are mostly dominated by the P (q) peaks. As the cubes dewet, we see the patterns change where
P (q) completely disappears as the particles empty, and there is only a small contribution from the S(q) peaks. By visualizing
a simpler system, we better identify how the changing contrast and environment relates to changes in the SAXS patterns even
though the physical structure doesn’t change further.

SUPPLEMENTARY NOTE III. PARA-CRYSTALLINE MODEL

For the model of a para-crystalline structure, we modify the description from Förster et al.[? ] for a similar type of structure.
We describe I(q) as follows

I(q) ∝ P (q) · [1 + (Z(q)− 1) ·G(q)]

where

G(q) = exp
(
− q2〈u〉2

3

)
is the usual Debye-Waller factor with the mean square displacement of the lattice points, 〈u〉2, and

Z(q) =
∑
hkl

2M

πσq2qhkl
exp

[
− 4(q − qhkl)2

π(σqhkl)2

]
Here, qhkl, is the reciprocal lattice vector for the hkl reflection, σ is the distortion factor, andM is the multiplicity. For simplicity,
we assume there is no Debye-Waller factor, i.e., G (q) = 1. In this version, we also assume that the peak width increases for
higher qhkl values. For FCC, the reciprocal lattice vector is defined as qhkl = 2π

a

√
h2 + k2 + l2. Fig S5 shows this model for the

two experiments involving spheres (S1 and S2). Since the distortion factor is kept constant (σ = 0.11), the model differences
arises from differences in the size of the spherical particles where the radii for S1 (r=250nm) and S2 (r=207nm) are different.

[1] Förster S., Timmann A., Schellbach C., Frömsdorf A., Kornowski A., Weller H., Roth S. V., Lindner P. Order Causes Secondary Bragg
Peaks in Soft Materials. Nat. Mater., 6(11)888-893, 2007.


