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1 Supplementary Figures

1.1 UV-vis absorption and calibration curve of monomers

a)
4l

Abs.

-t

—2.0mM
—1.5mM

1.0 mM
—0.5mM

~

(o}

(0]

(@)
-
(AM)

0 300 400 500 600 700 800
Wavelength / nm

—0.5mM

—0.2mM

——0.1 mM
0.05 mM

e) 4.

A

0 300 400 500 600 700 800
Wavelength / nm

—0.2mM
——0.1mM
——0.05mM
0.025 mM
A
N
(DVB)

T '

700 80
Wavelength / nm

b) 3.5;
3}
2.5
2}
1.5t
11

)
QO
<

0.5}

d) 4.
3.5t
3|

05 15 2

¥
Conc./mM

f) 4.
3.5}
3l

. 2.5¢

02 03 04
Conc./ mM

0.1

0.15 0.2

0.05

01
Conc./ mM

Supplementary Figure 1: Changes in the absorption spectra of different a, AM, ¢, St and e, DVB
monomer concentrations in ethanol, respectively. Calibration curves were obtained using a linear fit
to the adsorption maxima for b, AM at 244 nm, d, St at 254 nm and f, DVB at 238 nm.



1.2 UV-vis absorption of dissolved monomers
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Supplementary Figure 2: UV-vis absorption spectra of water, 80/20 v/v, and 70/30 v/v water-ethanol
mixtures saturated in a, AM, b, St and ¢, DVB monomers, respectively. The saturated solutions were all
diluted 100 times before the UV-vis measurements.

1.3 Photo of oil droplets in the continuous phase

A first step in the emulsion polymerisation in which we form the raspberries is to inject a separately
formed mixture of St;, AM and DVB into the water-ethanol mixture as it is been stirred at 1000 RPM.
Large styrene-rich emulsion droplets form, rendering the solution white. The emulsions’ typical appear-

ance is shown in Supplementary Figure 3.

Supplementary Figure 3: Photo of a vigorously stirred emulsion of St (1.04 g, 10.0 mmol), DVB
(65.0 mg, 0.5 mmol) and AM (214.0 mg, 1.0 mmol) in 20 mL of water/ethanol mixture (80/20 v/v).



1.4 FTIR spectrum and hydrodynamic size-distribution of the raspberries
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Supplementary Figure 4: a, Fourier transform infrared spectroscopy (FTIR) spectra of the raspberry
colloids. It confirms that the raspberry colloids are made of random-block copolymers of polystyrene

(PS) and polyacrylates (PA).b, Size distribution of the raspberries dispersed in deioninsed water, measured
using dynamic light scattering (DLS).



1.5 Effect of the cross-linking agent
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Supplementary Figure 5: TEM images of a, bigger colloidal particles and b, smaller colloidal particles
separated from the control experiment synthesising raspberries in a 80/20 v/v water-ethanol mixture, in
which the cross-linker DVB was omitted. Corresponding FTIR spectra of ¢, bigger colloidal particles and

d, smaller colloidal particles. Hydrodynamic diameter distribution of e, bigger colloidal particles and f,
smaller colloidal particles measured by DLS in water.



1.6 TEM images of other types of raspberry colloids

Supplementary Figure 6: TEM images of two different raspberry colloids prepared using a) methyl
methacrylate and b) ethyl methacrylate instead of AM.

1.7 Structural color
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Supplementary Figure 7: Band diagram for FCC packed raspberry colloids. The hatched area indicates a
partial band-gap (stop-band) when seen from above. The right axis indicates the wavelengths with which
the band-gap will occur for particles of radius a = 143 nm, showing a reflection peak between 650 and 700
nm, which corresponds to the measured reflectivity curve in Fig. 4b. The speed of light is denominated c;
the left inset shows the labelling of the crystal orientations and the right shows a visualisation of the FCC
packed raspberry colloids approximated as spheres.



1.8 Raspberry colloids configurations
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Supplementary Figure 8: Models of raspberry colloids at closest contact in the a, bump-to-bump (b-b)
and b, bump-to-valley (b-v) configuration.

1.9 DLVO curves of single PS and PMMA particles
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Supplementary Figure 9: DLVO potential curves (solid lines) for a pair of PS spheres (blue) and a pair of
PMMA spheres (yellow), with the separate contributions Vioy and Vygw (dashed curves) ina ¢ = 0.5 mM
added NaCl solution. The x-axis is logarithmic for ease of view.



1.10 Potential curves for the b-b, b-v, smooth PS and PMMA particles at different electrolyte
concentrations
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Supplementary Figure 10: Interaction potentials Vpryo (solid lines) for raspberry colloids (b-b, green
and b-v, red), smooth PS particles (blue) and nanoscale PMMA particles (yellow) at different salt con-
centrations of a, 0.0005 M, b, 0.005 M, ¢) 0.05 M and d) 0.5 M added monovalent salts. The dotted and
dashed lines are the separate Vyqw and V(o contributions.



1.11 Primary energy maximum in Vpyyo as function of added NaCl concentration
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Supplementary Figure 11: Primary energy maximum in Vpyo as function of added NaCl concentration
(solid lines), and the contributions from the attractive (Vyqw; dotted lines) and repulsive (Vcou; dashed
lines) interactions measured at this maximum for raspberry colloids (b-b, green and b-v, red), smooth PS
particles (blue) and nanoscale PMMA particles (yellow) against salt concentration.
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1.12 Influence of bump-size on the colloidal stability
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Supplementary Figure 12: Interaction potentials Vpryo for raspberry colloids (b-v configuration) with
different bump sizes but keeping the same overall size and for reference smooth PS particles (blue) at
different salt concentrations of a), 0.0005 M, b), 0.005 M, ¢) 0.05 M and d) 0.5 M added monovalent
salts. Only the b-v configuration is shown since it is more stable than the b-b configuration.
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1.13 Effect of different salts
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Supplementary Figure 13: Effect of different salts on the aggregation behaviour on raspberry, smooth
PS, and the ‘rough’ PS particles — the latter are presented in Fig. S8a. The top four photographs show the
effect on colloidal aggregation of raspberry and 280 nm large smooth PS particles caused by the 1:1 salts
NaCl and KCI, as well as the 1:2 salt Na;SO4 and the 2:1 salt CaCl,. The bottom left photograph shows
the effect of adding NaCl to 50 nm large smooth PS particles, and the bottom right image illustrates the
salting of aqueous solutions of larger ‘rough’ PS particles. The corresponding TEM images are presented
as well. All samples had a colloid concentration of 3 w% and were sonicated for 1 minute before kept at
room temperature.
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1.14 Influence of zeta-potential on the colloidal stability
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Supplementary Figure 14: Interaction potentials Vpryo for the 280 nm large raspberry colloids with
45 nm bumps in the b-v configuration varying the zeta potentials y at different salt concentrations of a),
0.0005 M, b), 0.005 M, ¢) 0.05 M and d) 0.5 M added monovalent salts. Only the b-v configuration is
shown since it more stable than the b-b configuration.
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1.15 Colloidal stability of the other raspberry colloids
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Supplementary Figure 15: a) Colloidal dispersion of Raspberry-MMA in water with different NaCl
concentrations. b) Interaction potentials Vpryo for Raspberry-MMA, smooth PS (245 nm) and nanoscale
PMMA particles (35 nm) for 0.5 mM, 5 mM, 50 mM and 500 mM added NaCl. c) colloidal disper-
sion of Raspberry-EMA in water with different NaCl concentrations. b) Interaction potentials Vprvo
for Raspberry-EMA, smooth PS (255 nm) and nanoscale PMMA particles (35 nm) for 0.5 mM, 5 mM,
50 mM and 500 mM added NaCl.
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2 Supplementary Tables

2.1 Table of the solubility of monomers

Entry Monomer Water (mM) Mixture 12 (mM) Mixture 2¢ (mM)
1 St 1.5 4 11

2 AM 55 150 195

3 DVB <0.1 0.2 1.5

“The saturated solutions were all diluted 100 times before the UV-vis measurements. The solubility was obtained
by fitting the absorption peak at respective wavenumbers (AM at 244 nm, St at 254 nm and DVB at 238 nm) in the
calibration line; *Mixture 1 is water/ethanol mixture (80/20, v/v); ‘Mixture 2 is water/ethanol mixture (70/30, v/v).

Supplementary Table 1: Solubility of monomers in different continuous phases®

2.2 Table of the numerical coefficients

Rps 140 nm
RPMMA 22.5 nm
Rpg* 117.5 nm
v +42 mV
Ve 3.0 x 101 Hz
NH,0 1.33
nps 1.557 [6]
NPMMA 1.4905 [6]
€10 80 [6]
Eps 2.55 [6]
EPMMA 2.6 [6]

Supplementary Table 2: Numerical coefficients used in the model.
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3 Supplementary Notes

3.1 Supplementary Note 1: Solubility of monomers

Key to successfully polymerising two different monomers into random copolymers that subsequently
form composite colloids like the raspberries was the use of the right water-ethanol mixture as continuous
solvent. To optimise this process we first tested the solubilities of the acrylic (AM) and styrene (St)
monomers and the crosslinker divinylbenzene (DVB) in pure ethanol by measuring the UV-vis absorption
for different monomer concentrations, providing us with a calibration curve shown in Supplementary
Figure 1. These allow us to get an estimate of the different monomer solubilities from UV-vis absorption
measurements in pure water, and two different water-ethanol mixtures (Supplementary Figure 2). While
St monomers are hardly soluble in pure water the monomer solubility is enhanced by adding ethanol. Also
the AM solubility is reduced in water but is clearly more enhanced in the presence of ethanol. The DVB
crosslinker concentration is reduced the strongest in pure water. The 80/20 v/v water-ethanol mixtures,
allowing to dissolve 4.0 mM, 0.2 mM and 150 mM of St, DVB and AM at room temperature respectively,
delivers the most monodisperse and well-formed raspberry colloids (Fig. 2, Supplementary Table 1), as

shown in section 1.3.

3.2 Supplementary Note 2: Effect of the continuous phase

Soap-free emulsion polymerisation (SFEP)[1, 2] and dispersion polymerisation (DP)[3] are simple and
robust techniques to prepare colloidal particles. In SFEP,[1, 2] droplets of hydrophobic monomers are
formed in water. After polymerisation sets in colloidal particles are budded off those emulsion droplets.
In DP[3] the monomers and initiator are well soluble, forming a homogeneous solution initially. When
polymerisation starts, the growing chains become increasingly insoluble and precipitate out of solu-
tion, eventually coagulating into colloidal particles. In the single-step preparation of raspberry colloids
we combine both mechanisms: emulsion polymerisation sets in within the heterogeneous styrene-rich
droplets (SFEP), in which some of the AM co-monomer and crosslinker are dissolved. Simultaneously,
dispersion polymerisation of mainly acrylic monomers in the continuous phase (with small amounts of St
and DVB) when the initiator is injected. Thus two different types of colloidal particles are formed in the
continuous phase. These bind to each other through the cross-linker.

In deionised water the solubilities of the monomers decrease dramatically (1.5 mM, <0.1 mM and
55 mM for St, DVB and AM, respectively, Supplementary Table 1), resulting in a SFEP-like polymeri-
sation. The resultant polymeric particles, shown in the TEM image in Fig. 2, are very polydisperse in
size with an average diameter of 250 nm. Moreover, their surface is non-uniform but not quite as bumpy
as the ideal raspberries formed in a continuous phase of water/ethanol (80/20 v/v) presented in Fig. 1.
When a mixture of water/ethanol (70/30, v/v) was used as the continuous phase, the solubility of the
monomers increased to 11 mM, 1.5 mM and 195 mM for St, DVB and AM, respectively (Supplementary
Table 1). Raspberry colloids with an average core-diameter of 310 nm and an average diameter of the
corona particles of 41 nm were obtained in addition to some randomly-distributed nanoscale particles
(45 nm) as shown in Fig. 2c. These results indicate that the small colloidal particles were formed through

dispersion polymerisation of the more soluble acrylic monomers, while the core of the raspberry colloids
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were formed from the heterogeneous monomer droplets (as by SFEP).

3.3 Supplementary Note 3: Effect of the cross-linking agent

The presence of a cross-linking agent (DVB) and phase separation between PS and PA are also critical
for the formation of raspberry colloids. When DVB was omitted from the synthesis of raspberry colloids,
two main types of spherical particles (average diameter of 230 nm and 70 nm) are created as shown in
TEM images (Fig. 2d). We identify the large particles as mainly PS colloids and the small ones as mainly
PA colloids. The latter remained dispersed in solution rather than decorating the surfaces of the large PS
particles [4].

We separated the small from the larger particles by centrifugation and performed FTIR and DLS mea-
surements. The results indicate that the small particles contain much more PA segments than the larger

particles (Supplementary Figure 5, indicated by the ellipse-shaped area with dashed border).

3.4 Supplementary Note 4: Effect of AM monomer

When the acrylate monomer (AM) was removed from the preparation of raspberry colloids in a 80/20
v/v water-ethanol mixture, spherical pure PS particles with an average diameter of 270 nm were observed
(Fig. 2e,f). Small protrusions, visible as some surface roughness smaller than the 45 nm bumps in raspber-
ries, are uniformly seen on all PS particles. We ascribe this surface roughness to the presence of ethanol
that enhances the St-monomer solubility in the continuous phase, promoting emulsion and dispersion
polymerisation. When we use half of the optimal AM-monomer concentration in the synthesis in a 80/20
v/v water-ethanol mixture, we obtain particles with irregular protrusions and non-spherical core shape as

well as a large size distribution of the cores (Fig. 2f).

3.5 Supplementary Note 5: Other types of raspberry colloids

Based on the results discussed above, a new mechanism for preparation of raspberry colloids in a single
step was proposed: This is based on exploiting the different solubilities of AM and St monomers in
the water-ethanol mixture. Guided by this method, we prepared two additional raspberry colloids using
different acrylate monomers instead of AM under the same conditions (Supplementary Figure 6). The
average size (Drgys) of the raspberry colloids prepared using methyl methacrylate (Raspberry-MMA,
Supplementary Figure 6a) instead of AM was 245 nm in diameter with the small bumps on the surface
being 35 nm in diameter. The average hydrodynamic diameter (Dprs) of Raspberry-MMA measured by
DLS is 250 nm (PDI=0.04). The (Drgy) of the raspberry colloids prepared using ethyl methacrylate
(Raspberry-EMA, Supplementary Figure 6b) instead of AM was 255 nm and the small bumps on the
surface had a diameter of 35 nm. The Dprg of Raspberry-EMA was 260 nm (PDI=0.07). The sizes of
the small bumps are different because the formed acrylate polymers are of different hydrophobicity. The

zeta-potential of the Raspberry-MMA and Raspberry-EMA were both +40 mV, measured in pure water.
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3.6 Supplementary Note 6: Synthesis of PS particles

The 280 nm large PS colloids were synthesized by adding a monomer mixture of St (5.0 g, 48.0 mmol)
and DVB (0.5 g, 3.8 mmol) to 100 mL deionised water. Then the initiator of 2,2’-azobis(2- methylpropi-
onamide) dihydrochloride (AIBA, 187 mg, 0.7 mmol) was added to the mixture. Nitrogen was placed into
the mixture for 1 h before elevating the temperature, and the nitrogen blanket was maintained through-
out the polymerisation. The reaction was then left stirring at 80 °C for 24 h. The product was purified
by dialysis against deionized water. The 50 nm large PS colloids were synthesized following the recipe
described in ref. [5].

3.7 Supplementary Note 7: DLVO calculations
3.7.1 Model definition

We use the Derjaguin-Landau-Verwey-Overbeek (DLVO) theory to investigate the dramatic difference
in colloidal stability and packing of raspberry and smooth particles. According to DLVO theory, the
net interaction between two particles (Vprvo) is the sum of the attractive van der Waals (Vyqw) and the

repulsive electrostatic double-layer or Coulomb interactions (Viour) [6]:

Vbrvo = Veaw + Veoul (D

No three or other many-body interactions are considered.

We model a raspberry colloid as a particle composed of a spherical PS core and polymethylmethacrylate
(PMMA) hemispheres grafted to the surface in a closely packed arrangement. PMMA was used instead
of PA as all material parameters necessary for the model are known - though PMMA and PA are very
similar. The PMMA radius is Rppmma = 22.5 nm while the PS core radius is Rpg® = 117.5 nm. This totals
to a raspberry-particle diameter of D = 280 nm, as in the experiments. The PMMA hemispheres do not
overlap. Furthermore, we assume that the PMMA hemispheres are stiff (hard spheres) and no additional
steric interactions contribute to the total interaction energy. In order to obtain an approximate analytical
formulation, we consider the total interaction as a sum of pair-wise interactions between PMMA hemi-
spheres on different raspberries, plus the interactions between the PS core particles. We can then resort

to analytical solutions of both Vo, and Vygw for spherical geometries.

3.7.2 Model Equations

The electrostatic interactions between two spheres of equal size and equal surface potential is calculated

using the Poisson-Boltzmann formalism [6, 7] within the linearized form. They are given by:

EEK
2

Veoul = [(21//2 (1 —coth(kh)) + 2w200sech(Kh))] (2)

where &, is the relative dielectric constant of the solvent and / is the closest separation between the par-
ticle’s surfaces[8]. y is the surface potential — we use the experimentally measured value y = 4+-42mV.

We measured for both raspberry and smooth PS particles almost the same values. x is the Debye length,
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given by:

[103N4e2c
= —. 3
K &&kgT 3)

Ni = 6.022 x 105 (Avogadro’s Number), e = 1.6 x 10" C and ¢ is the molar concentration of the
electrolyte (here we used the monovalent 1:1 salt NaCl). The above equation is based on the Derjaguin
approximation for calculating pair-wise interactions between spheres [9]. Since we consider only the
closest hemisphere to the contact region between two interacting particles, already implicit in this ap-
proximation, the value of Vi, calculated for spheres is adopted also for hemispheres. The electrostatic
charge is assumed to be concentrated on the outer PMMA surfaces; only the last account for the total
electrostatic interaction.

The van der Waals interactions between two spheres of equal size are calculated according to the
Hamaker formalism of intermolecular forces, which assumes again pairwise additivity [7]. While this is
known to be approximate, it nevertheless captures the physical origin of the interaction and the qualitative

form of the potential [6]. The expression for the interaction potential is given by:

“)

Ay [ 2R? 2R? N < h>+4Rh >]
n

Vigw = — 11 o
vaw 6 |72 1 arn T R L aARK 1 4R2 h2 +4Rh +4R?

where R is the radius of the particle and Ay is the Hamaker constant, which quantifies the material
properties (interacting bodies and solvent), independently of the body’s geometry [10]. The Hamaker
constant is calculated on the basis of Lifshitz’ theory of intermolecular forces [6]. For the symmetric case

of two materials, 1 (the colloids) interacting across a medium 2 (the solvent)

3 g -\ 3hv. (n—m)
Ap = “kgT + . 5
T <el+ez> 16v/2 (B3 +m2)32 ©)

€1 and & are the relative permittivities of the two materials and n; and n, are their refractive indices; Vv,
is the main electronic absorption frequency in the UV and is typically around 3.0 x 103 Hz; / is Planck’s

constant.

3.7.3 DLVO curves of single PS and PMMA particles

The DLVO potential curves calculated for two interacting pairs of single PS particles (Rps = 140 nm) and
single PMMA spheres (Rpmma = 22.5 nm) for ¢ = 0.5 mM are shown in Supplementary Figure 9. The
numerical values are in good agreement with calculations performed on similar systems [11].

We stress that the electrolyte concentration affects Vo @ low value implies a long Debye screening-
length x and therefore longer-ranged repulsive forces.
It can be seen that the interaction between the PMMA spheres decays fast with the interparticle distance.
Therefore, only the hemispheres in the contact region between two raspberry colloids actively contribute
to the interaction potential (in terms of both V,qw and Viou). The PS core particles are assumed to con-
tribute only to the van der Waals interactions. The interactions between PS cores occurs through both the

solvent and the PMMA hemispheres, which must be included in the calculation of the Hamaker constant
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for the system of interest. According to the methodology adopted by Bahng et al. [12], the Hamaker
constant for such a hybrid-dispersion medium is calculated as a weighted mean between the Hamaker
constants of PMMA and solvent, with the weights being the volume fractions of the two media in the
separation region. Supplementary Table 2 reports the different material properties implemented in the

model. The solvent is water.

3.7.4 Raspberry colloids configurations

We investigated two typical configurations, depicted in Supplementary Figure 8: bump-to-bump (b-b) and
bump-to-valley (b-v). In the b-b configuration, the sum of pair-wise interactions is assumed to depend
only on the two couples of PMMA hemispheres closest to the contact region. In the b-v configuration,
the sum of pair-wise interactions is assumed to involve only the four PMMA hemispheres closest to the
contact region. In both configurations, opposite PMMA hemispheres that are not nearest neighbours are
considered non-interacting, and the PS core particles contribute to the van der Waals interaction. The two

potentials read as:

4 4

b—b PS 1 2j
Voivo = Veaw + X Voivo + X Wivo (6)

=3 =3
4
b PS 13 2j
Vovo = Yeaw + Vbivo + Z Vbivo )
=3

where Vprvo, Vwaw and Voy are given by Equations (1-5) with appropriate parameters for the interacting
pair in question, and the indices i and j indicate the interacting hemispheres, with reference to Supple-
mentary Figure 8.

For each raspberry colloid it is possible to define an effective interaction layer as the flat PMMA layer
with the same volume of the sum of the interacting hemispheres. The effective interaction plane is then
defined as the boundary between the PMMA phase and the solvent phase. By definition, the distance
between the effective interaction planes of two interacting raspberry particles will be always larger than

the minimum distance between the hemispheres on the different colloids.

3.7.5 Results of DLVO calculations

Supplementary Figure 10 shows the different potential curves for the b-b, b-v, smooth PS and PMMA
particles at different electrolyte concentrations. At low salt concentrations, the potential magnitude for
both the raspberry configurations is smaller than for the PS particles but larger than for the PMMA
particles. While one could expect a stronger attractive interaction due to the presence of additional contact
points [13], the plots of the separate contributions show that the repulsive Vcoy has a longer range than
Viwaw and dominates up to very short interparticle distances. This can be also explained in terms of the
effective interaction plane defined in the previous section. Due to their roughness, the effective interaction
planes for two interacting raspberry colloids are at a larger distance than for the smooth PS particles, thus
resulting in a smaller overall repulsion. The fact that multiple couples of PMMA hemispheres participate
in the interactions explains why the primary maximum for the raspberry colloids is larger than for the
PMMA spheres.
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At intermediate salt concentrations, the magnitude of the primary maximum drops for all the particle
species and the interaction range shrinks due to the screening of the Coulomb repulsion. While the PS
particles display a prominent V,gw over Vioul, the raspberry colloids show a smaller attraction potential
due to their surface heterogeneity and Vo 1s strong enough to provide stabilisation. Moreover, Vyqw has
a shorter range in comparison with the corresponding potential for the PS particles. The observation that
surface roughness has the dual effect of both reducing attractive and repulsive interactions is consistent
with previous findings [12, 14, 15].

At high salt concentrations, the energy barrier for the PS particles falls below 0 and they become unstable.
The single PMMA particles show a low energy barrier of ~ 5kg7’, which can be easily overcome by
thermal fluctuations, leading again to the instability of the dispersion. The situation for raspberry colloids
is different — they still display a primary maximum of ~ 15 —20 kg7 which prevents their aggregation
and confers stability. Again, this occurs since multiple couples of PMMA hemispheres participate in the
interactions, leading to an overall sum of positive energy barriers and therefore to an enhanced primary
maximum. The secondary minimum at a separation of ~ 3 nm is so shallow that although small clusters
can form temporarily, they will fall apart due to thermal motion.

This explains the experimentally observed packing of the raspberries into photonic balls, while the smooth
particles cannot achieve it due to the larger Coulomb repulsion, and subsequent instability upon drying of
the droplet [16].

The colloid stability is further illustrated in Supplementary Figure 11, where the dependence of the
maximum value in Vpryo is plotted as function of added NaCl concentration for the different particles,
and the separate contributions of Vygw and Vg at this strongest repulsion. The maximum in Vpryo for the
smooth PS and both the raspberry particle configurations decreases gradually up to ¢ ~ 5 x 10> M. Upon
further increasing the salt concentration, the maximum decreases more steeply for smooth PS colloids,
disappearing at around c¢.. ~ 0.3 M, where c,. indicates the critical coagulation concentration. In parallel,
Viaw, despite being small at low electrolyte concentration (even though it is larger than for the raspberry
colloids), quickly decreases while the primary maximum position shifts towards a smaller distance and
eventually overcomes Vcoy at c... In contrast, the maximum for the raspberry colloids keeps gradually
decreasing but never reaches the zero-level. There is no ¢, in the examined range, since V,qw decreases
less steeply than for smooth PS particles. We stress that the validity of the DLVO potential at higher ionic
strength becomes questionable, due to the appearance of non-DLVO forces such as hydration forces [17,

18, 19], finite-size ion effects [20] and specific ion effects known as Hofmeister effects [21].

3.7.6 Influence of bump-size on the colloidal stability

We further investigated the effect of the size of the bumps on the colloidal stability. Supplementary Figure
12 compares the DLVO curves of the raspberry particles (b-v configuration) with four different bump
sizes and the smooth PS particles with the same overall diameter. In general, all the rapsberry particles are
found to exhibit a similar behavior to the one described in the main text, namely less overall repulsion than
their smooth PS counterpart at low salt concentrations and better stability at higher salt concentrations.
Moreover, the configurations with larger bumps tend to display stronger electrostatic repulsion. This
is expected since the distance between the effective interaction planes between two raspberry colloids

increases with increasing the bump size, leading to smaller effective van der Waals attractions. As a
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consequence, raspberries with larger bumps are more stable at high salt concentrations. This suggests
that the size of the bumps plays an important role in the colloidal stability. We stress that the current
model limits the validity of these observations to bumps larger than 20nm and smaller than 60nm. If the
bumps are smaller than 20nm more than two couples of hemispheres would be interacting, while if the

bumps are larger than 60nm the curvature of the core particle would need to be taken into account.

3.7.7 Influence of zeta-potential on the colloidal stability

We also investigated the effect of the zeta potential y of the raspberry particles on the colloidal stability.
Supplementary Figure 14 compares the DLVO curves of the 280 nm large raspberry particles (45 nm
bumps) with five different zeta potential values, ranging from 0 to a maximum of 60mV which we typi-
cally can achieve in many colloidal preparations. Moreover, zeta potentials larger than that are not well
described by standard DLVO theory, as already mentioned. We observe that the raspberries display ag-
gregation at large salt concentrations for ¥ smaller than 20mV while they are stable for larger potential
values. This suggests that morphology alone is not sufficient to provide stabilization and a mild elec-
trostatic repulsion is necessary to counterbalance the van der Waals attraction. We note, though, that
while non-charged raspberries (blue curve) display large van der Waals attractions already at low salt
concentrations, even small zeta potentials are enough to stabilize the raspberry particles at almost all
NaCl concentrations. This further confirms that well-controlled protrusions plays a crucial role in greatly

enhancing the stabilization of colloidal particles.

3.7.8 Colloidal stability of the other raspberry colloids

We also tested the stability of the other two raspberries prepared using the single-step method in water
with different added NaCl concentrations. Supplementary Figure 15a and 15c¢ show the photographs of
salting series of Raspberry-MMA and Raspberry-EMA aqueous dispersions, respectively. It shows that,
similar to the raspberry colloids made by AM, Raspberry-MMA and Raspberry-EMA can also stably
dispersed in water even with high added NaCl salt (5000 mM, Supplementary Figure 15a and 15c¢). The
corresponding interaction potentials Vpryo for Raspberry-MMA and Raspberry-EMA for 0.5 mM, 5 mM,
50 mM and 500 mM added NaCl were shown in Supplementary Figure 15b and 15d, respectively.

3.8 Supplementary Note 8: Structural color

The organisation of raspberry colloids into a regular FCC packing provides the typical response of opales-
cent photonic crystals [22]. By approximating the refractive index of the raspberries with the one of
polystyrene (n = 1.57) and using as radius a = 143 nm, we observe that the reflection in the red, shown
in Fig. 4a of the main text, corresponds to the stop-band in the I' — L direction. Supplementary Figure 7
shows the band diagram for an FCC geometry calculated using the freely available software package MIT
Photonic-Bands (MPB) [23]. Similar to opals build of spherical particles and made of a single material,
it is possible to tune the reflected colour by changing the size of the raspberry colloids.

In case of a planar geometry, by illuminating the sample with a low numerical aperture source (NA=0.1)
we mainly probe the sample in the I'— L direction. Therefore we observe a red uniform reflection from the

sample, as seen in Fig. 4a. However, when analysing the optical response from the raspberry-superballs
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it is necessary to consider the spherical geometry of the system as shown in Figure 4b. This is similar to
previously reported systems[24, 25].

The red reflection spot seen in the middle of the raspberry-superspheres (Fig. 4b) is the result of the
back reflection from the top of the sphere. The dimension of the spot depends on the dimension of the
numerical aperture of the illumination, while the numerical aperture of collection is fixed by the objective
(NA=0.6). Similarly the light streaks at the position where the raspberry-superspheres are in contact
(Fig. 4b) are caused by reflected rays bouncing back after having been reflected from one supersphere to
another. This is schematically described in the top part of Fig. 4 and happens when the surface normal
of the sphere is at 45° to the incident beam. By geometrical considerations, this appears at a distance of

r1 = Rsin45° = R/+/2 from the centre, where R is the radius of the supersphere.

3.9 Supplementary Note 9: Effect of different salts on the stability of raspberry dispersion

We tested the stability of the raspberry and smooth PS-particle suspensions also for different salts. Both
particle species are roughly 280 nm large and have a similarly positively charged surface. In Supple-
mentary Figure 13 we show photographs with salting series for two different 1:1 salts (NaCl and KCl) as
well as a 2:1 salt (CaCl,) and a 1:2 salt (NapSOy4 ). In all cases the raspberry-colloid samples remained
well dispersed even for high added salt concentrations. Note that in some cases added salt concentrations
did not exceed 0.5 M because of the solubility limit of the salt used. For all three samples with CI™ as
monovalent anion the screening of the Coulomb interactions was similar leading to flocculation of the
smooth PS particles at around 100 mM. As the Debye screening length for the SOZ2 anion is stronger
than the monovalent CI~ flocculation sets in at lower added salt concentrations. Testing our hypothesis
that the actual size and thus the strength of the van der Waals attraction between particles is important,
we also tested the salting effect on smooth 50 nm large PS colloids. These contained a different monomer
making the solutions appear reddish, but their zeta-potential was equivalent to that of the larger PS par-
ticles. Note that the atomic polarizabilities of PS and PMMA are very similar in value and therefore
have a similar Hamaker constant. These small particles also remain stable in high-salt conditions similar
to the larger raspberry colloids (Supplementary Figure 13, bottom left). Further we tested the effect of
‘roughness’ on the colloidal stability by preparing a similar salting series on the rough 270 nm large PS
particles presented in Figure 2e. In Supplementary Figure 13, bottom right, it becomes apparent that the
roughness increases the PS-particles’ stability, suggesting that only a large enough roughness will bring
about the stability observed in raspberry-particle suspensions. Above 250 mM added NacCl there seems
to be an onset of aggregation and at 2 M added NaCl clear phase separation sets in simply because of the

increased density of the salty aqueous phase.
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