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2 Sample information

See Table 1 for an overview of the composition of
emulsion samples used and Table 2 for an overview
of colloidal particles used.

3 Emulsion characterization

3.1 Interfacial Tension

The interfacial tension between the oil and aque-
ous phases of the transparent system was measured
using the pendant-drop technique. Oil (DC550 :

CHB = 80.5 : 19.5 w/w) and aqueous (60 wt-
% sodium iodide) phases were prepared and al-
lowed to homogenize separately on a rollerbank
for at least 12 h. Note that we used 60 wt-
% sodium iodide for these measurements, as the
phases are so well matched at 65 wt-% that the
droplet profile cannot be fitted. The less dense
oil phase was loaded into a cubic glass cuvette
(20 x 20 x 20 mm?), which was sealed with parafilm
to inhibit CHB evaporation, while a glass syringe
was filled with the denser aqueous phase. The
outer diameter of the needle was measured to be
1.840 mm (vernier caliper, Mitutoyo). A spirit
level was used to ensure the tensiometer (Kriiss
EasyDrop, model FM40Mk2) was properly aligned,
while a thermocouple (Type K) was employed to
monitor the temperature near the cuvette. Due to
the relatively high density of the aqueous phase,
droplets larger than ~ 10 pL eventually fell off the
needle. Hence, measurements were performed on
~ 6.4 pL and ~ 8.9 pL droplets, which were deliv-
ered at a set rate of 100 uL/min using a software-
controlled dosing unit. Pendant drops were moni-
tored up to 150 minutes, during which digital pho-
tographs were recorded from the side. Volume and
interfacial-tension values were extracted by fitting
the Young-Laplace equation to the recorded droplet
profiles. These values initially decreased, but lev-
eled off after approximately 60 min. To double-
check our measurements, we measured the surface
tension of a pendant water droplet in air at 23 °C
(v = 73.5 mN/m), which is only 1.5% higher than
literature values (y ~ 72.4 mN/m).>
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Table 1: Sample compositions: ¢ volume fraction of colloidal particles in total emulsion volume, W/O
v/v water/oil volume ratio, R = R32 Sauter mean droplet radius, PD droplet polydispersity, N number of
droplets measured for sizing, A sample extracted for microscopy and o(t) opaque(transparent) samples.

Sample | Volume / mL | Particle v (%) | W/Ov/v|R/pm |PD (%) | N | A(sample)
R280 12.1 PMMAO063 4.3 40/60 28.0 37 293 0478 g
R380 12.1 PMMAO063 3.0 40/60 38.1 42 347 0411 g
R430 12.1 PMMAO063 2.2 40/60 42.6 32 239 0.423 g
R580 12.1 PMMAO063 1.8 40/60 58.3 25 325 0.459 g
R3lo 12.0 PMMA139-PLMA 10 40/60 31.0 - 100 | ~0.13 mL
R39%0 12.0 PMMA110 7.8 40/60 39.0 - 100 | ~ 0.13 mL
R340 12.0 PMMAO063-PDV 4.5 40/60 33.9 - 100 | ~ 0.13 mL
R330 12.0 PMMAO58 4.1 40/60 32.8 - 100 | ~ 0.13 mL
R25¢ - PMMAO063 4.0 40/60 24.7 o4 254 n/a
R44t - PMMAO063 2.0 40/60 44.1 23 170 n/a
R67t - PMMA063 1.3 | 40/60 66.6 ~ | n/a
R86t - PMMAO063 0.9 40/60 85.6 - 94 n/a

Table 2: Particle batches: SLS Static Light Scattering, * bimodal with rrgy = 1.30 and 0.56 pm, NBD
4-chloro-7-nitrobenzo-2-oxa-1,3-diazol, PHSA poly(12-hydroxystearic acid), PDV Gelest PDV-2335! and

PLMA poly(lauryl methacrylate).?

Sample Radius / pm (SLS) | Polydispersity (%) (SLS) | Fluorescent dye | Stabilizer
PMMAO063 0.630 9 NBD PHSA
PMMAO058 0.575 ) NBD PHSA
PMMA110 1.100 2 NBD PHSA
PMMAO063-PDV 0.625 3.5 Nile Red PDV
PMMA139-PLMA 1.390* 3 none PLMA
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3.2 Droplet sizing

In the case of opaque samples, to measure the
Sauter mean or surface average droplet radius
(R) = R3o and polydispersity PD,

N 3

. R
() = Ry = S5 1)

i=1 11
PD = 1 Zf\il Rl2 |Ri - Rmed| 2
ST ©

me i=1"Y4

in which Rmeq is the median radius,? a small
amount of (similar) emulsion was carefully trans-
ferred by pipette from the sample vials to closed or
open glass cuvettes (Starna, path length > 1 mm).
After dilution with n-dodecane (as and when re-
quired), a confocal microscope (see main text) or
an Olympus BX50 upright microscope, equipped
with a 10x/0.25NA objective, was used to take pic-
tures at various positions along the samples. The
optical-microscopy images were calibrated using an
80 lines/mm slide. At least 94 droplets were man-
ually sized using the ‘Measure & Label’ feature in
ImageJ (Table 1).° In the case of transparent sam-
ples, part of the emulsion was carefully transferred
by pipette from the sample vials to glass cuvettes
and imaged using a confocal microscope prior to
centrifugation. Droplet areas were extracted using
image analysis and converted to radii for statistical
analysis.

3.3 Specific surface area

Assuming that all colloidal particles end up at
a liquid-liquid interface, the droplet radius is in-
versely proportional to the mass of particles added
mp,*

1 SEMyp

@®R) ~ 3Vy (3)

in which s¢ is the specific surface area and Vjy is the
volume of the dispersed phase (water + particles).
By fitting a straight line through the origin to the
data in Fig. 1, we obtain sf opaque (PMMAOQ63) =
0.96 m? - g=! and ¢ transparent (PMMAO063) =
1.08 m? - g=! (Table 2).

One can also predict s¢ theoretically using

3
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Figure 1: Graphs for determining sy for PMMAO063
by fitting Eq. (3) to the data corresponding to
(a) the opaque system (water-dodecane/PMMA)
and (b) the transparent system (water(Nal)-
DC550CHB/PMMA). Legends: functions used for
fit and coefficients of determination (R?).
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Figure 2: Confocal micrographs of an (opaque)
water-in-dodecane emulsion, stabilized by 0.630 pm
radius PMMA-PHSA particles (white), prior to
centrifugation. (a) Close to the cuvette wall (arrow:
aggregate in continuous phase) and (b) halfway
through the first layer of droplets (arrows: inter-
facial aggregates). Scale bars 25 pm.

in which p, is the mass density of the particles, r
their average radius and C' the proportion of inter-
facial area occupied by the particles (C' =/ (2\/3)
for monodisperse particles in a hexagonal lattice).°
For our system, ¢ theory (PMMA063) = 1.13 m? -
g~ 1. As St.opaque S Sftheory, We conclude that
some particles are not attached to a liquid-liquid
interface, because 1) they have been left behind in
the continuous phase (even though the supernatant
was clear after emulsification) or/and 2) they are
trapped in interfacial aggregates (Fig. 2). Note that
Sf transparent "~ Sf,theory lmplylng that the partiCIGS
were well dispersed in this system, as verified by
confocal microscopy.

3.4 Image analysis

In order to extract local dispersed-phase volume
fractions ® (d) from 3D confocal image series, back-
ground and dark stacks were acquired in the sam-
ple supernatants. Occasionally, different gain set-
tings were used to correct for PMT detector over-
exposure, for which we linearly corrected during
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Figure 3: Local osmotic pressure II(0) vs local
droplet volume fraction ® (d), as determined via
confocal microscopy, for four transparent water-in-
oil emulsions stabilized by 0.630 ym radius PMMA-
PHSA particles, after centrifugation at ~ 263g.
Legend: R38t means R = 38 pm in transparent
sample.

image analysis. ® (J) was then extracted as:

B = 1—Boy(d)
1

__ MNoil,tot

Ntot,tot

_ 1 _ anrames Noil, j
= =1 —d

Ntot,j
— 1— Znﬁ'ames Noil, j <Ioi1>j
j=1 Ntot,j <Ioil>]-
— Nframes
= 1-35

(Tdaata,j —Idark,;)
(Ibackground,j _Idark,j )
- 1- (Taata,tot — Idark, tot
- (1 -1 )’
background,tot —Idark,tot

in which 74 j(tot,j) is the number of oil(all) pixels
in image frame j, ngames 1S the number of image
frames in the confocal stack, (lon) ; is the average
intensity value of an oil pixel in image frame j,
Igata/background/dark,j 18 the total intensity value of
frame j for the data/background/dark stack and
Igata/background/dark,tot 18 the total intensity value
of all frames for the data/background/dark stack.
All quantities in the last line of Eq. (5) can easily
be obtained from the corresponding stacks in either
IDL (RSI v6.4) or ImageJ. Note that we have also
determined ® by counting ‘oil’ pixels using thresh-
olding, leading to qualitatively similar results, but
the thresholding procedure requires several image
enhancement steps.
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From @ (0) as determined using Eq. (5), we cal-
culate II (§) using

de
I1(6) = (pa — po) w26 o (8')ds", (6)
de—H

in which pq(po) is the average density of the
particle-laden droplets (continuous oil phase) and
w is the angular frequency of the centrifuge
(Fig. 3).™8 The integral is evaluated by numer-
ical integration of the data, i.e. we approximate
the area under the (®(9),(d — (d. — H)))-graph
as adjacent rectangles centered at the measured
values of (0 —(d. — H)). Instead, one can fit
a functional form to the (®(d),(d — (d. — H)))-
graph first and subsequently integrate that func-
tion. This leads to similar results, but doesn’t work
well for sample R44t for example, which is a di-
rect consequence of the fluctuations in the corre-
sponding (® (§), (6 — (d. — H)))-data. These fluc-
tuations are probably due to a relatively low con-
trast, i.e. data-to-background ratio, in that partic-
ular data set.

4 Estimating errors

For opaque samples, errors in the droplet volume
fraction ® and the normalized osmotic pressure
I/ (v/R) were estimated following Squires.® Con-
sider, for example, the error oz in ® due to the
measurement error oy in H:

ooy =P (H +op)— @ (H) . (7)
Similar errors in ® from A, p;,, the effective thick-
ness of the bottom of the vial Hy, and the average

density of the emulsion sample extracted for mi-
croscopy are then combined using:

op = aé(H)—i-U(%(A)—i-.... (8)

Similarly, o/(,/r) is estimated from errors in @,
H, Hy, A, R and a., while o, was estimated from
errors in w, d., H and H},. Note that contributions
of other variables, which were at least 3x smaller
than the largest contribution, were considered neg-
ligible and therefore ignored.

5 Effect of particle size on
equation of state

See Fig. 4 for the effect of particle size on the equa-
tion of state of Pickering-Ramsden emulsions.
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Figure 4: Measured osmotic pressure II vs droplet
volume fraction ® of emulsions stabilized by
0.630 pm or 0.340 pm radius particles (y: liquid-
liquid interfacial tension, R: mean droplet radius,
PMMAO063: 28 pm < R < 58 pm and PMMAO034:
24 pm < R < 61 pum). Note that PMMA034 sam-
ples were not tapped during initial sedimentation,
were re-emulsified prior to each centrifugation and
could not be corrected for post-centrifugation re-
covery (mainly affects graph for moderate ®).1°

6 Droplet volume fraction

gradient

In the case of opaque PR emulsions, we analyze our
data assuming that the droplet volume fraction ®
is constant along the sediment, which is partly jus-
tified by Fig. 6(a) in the main text. Alternatively,
the data can be analyzed using a method proposed
by Tcholakova et al.!! First, we construct the de-
pendence of the sediment height H on In (a./g), in
which a. is the centrifugal and g the gravitational
acceleration. Next, this dependence is interpolated
with a continuous empirical function (Fig. 5(a)),
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which is then substituted into

e+ 1

(I)ed e (H) -
’ A H (14 gt

. (9)
)

Here, Vi (V}) is the volume of the water (particles)
and A is the internal cross-section of the vial (main
text Fig. 1). The result of this analysis for R38o is
shown in Fig. 5(b), together with the original graph
from Fig. 4(b) in the main text. It is clear that both
analyses yield qualitatively similar results, though
Deqge is slightly larger than ® from Eq. (4) in the
main text. This is no surprise, as ®qqqe is measured
at the bottom edge of the sediment, whereas ® is
the average value along the sediment.

7 Emulsion recovery

After centrifugation (stopped at t = 0), the time
evolution of the samples was monitored at intervals
At = 5,10, 15 or 30 min from ¢ = (8 & 3) min up to
24 h (240 h in one experiment) using a Labview con-
trolled webcam (Logitech). The change in height
AH was extracted from the image series in either
ImageJ (v1.42q°) or IDL (RSI v6.4) by determining
the area fraction, «, of pixels above the threshold
in a rectangular region-of-interest (ROI) extending
from the sediment into the supernatant:'?

AHZO(~HROI . (10)
Using AH (averaged over the 3 positions around
the vial facing the webcam), Hgna (the average
height of the emulsion sediment as measured using
a mounted dial ruler at 8 positions around the vial
after the expansion'®) and a linear extrapolation
to account for small differences in webcam starting
times, the initial height H can be estimated,
H = H (t =8 min) = Hpna — AH , (11)
Monitoring the post-centrifugation time evolu-
tion of our PR emulsions from ¢ = (8 £ 3) min
up to 24 h (Fig. 6(a)) allows us to quantify their

recovery
AH

Hsed - H ’
in which Hgeq is the emulsion-sediment height be-

fore centrifugation, AH is the recovered height af-
ter centrifugation and H is the post-compression

£= (12)
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Figure 5: (a) Sediment height H vs In(a./g), in
which a. is the centrifugal and g the gravitational
acceleration; the solid symbols represent the ex-
perimental data, the dashed line is a third-order
polynomial fit (see equation in graph and coeffi-
cient of determination R?). (b) Osmotic pressure
II vs droplet volume fraction ®: the black error bars
are the average of ® along the sediment, whereas
the grey symbols correspond to ®eqge at the bot-
tom edge of the sediment (lines are guides to the

eye).
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Figure 6: (a) Recovery (Eq. (12)) of water-in-

dodecane emulsions, stabilized by 0.630 pm ra-
dius PMMA-PHSA particles, after centrifugation
at ~ 194g. R280: mean droplet radius R = 28 um
in opaque sample. (b) Recovery vs osmotic pres-
sure; only R58 errors plotted for clarity; r063 means
particle radius 0.630 pm, etc.
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Figure 7: Recovery (Eq. (12)) of water-in-

dodecane emulsions, stabilized by PMMA139-
PLMA, PMMA110, PMMA063-GDV and PMMA
058 (Table 2), after centrifugation at ~ 750g. R39:
mean droplet radius R = 39 pum; r110 means par-
ticle radius 1.100 pm, etc; lines are guides to the
eye.

height of the emulsion sediment. From the cor-
responding graphs in Fig. 6(b), two clear trends
emerge. First of all, emulsions with smaller
droplets recover more, which is due to their
larger Laplace pressure providing a larger restoring
force. 1415 Secondly, larger applied osmotic pres-
sures result in less recovery. Intriguingly, chang-
ing the steric stabilizer from PHSA or a silox-
ane copolymer (PDV 1) to poly(lauryl methacylate)
(PLMA?) (Table 2), significantly increases the re-
covery (Fig. 7). This striking result agrees with the
finding that PLMA may be a more efficient stabi-
lizer than PHSA, i.e. the area of PMMA stabilized
per unit weight of PLMA is somewhat greater. 2

8 Accounting for particles in
interdroplet film

In Sec. 3 of the main text, we defined the
interdroplet-film thickness h as the distance be-
tween the liquid-liquid interfaces of two neighbour-
ing droplets. Without correction, this would result
in part of the colloid volume being counted as con-
tinuous rather than dispersed phase. To compen-
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sate, we subtract from h a thickness h,, correspond-
ing to the volume of particles residing in the film
but which should be counted as part of the droplet.
To derive an (approximate) expression for hp,
we consider an undeformed water droplet coated
with particles of radius r and contact angle §. This
droplet contains a volume v,, of water, a volume
Vp = NipUip Of My, interfacial particles and a vol-
ume v, of oil (trapped between the water, the
particles and an imaginary sphere circumscribing
the particle-coated droplet). We then construct a
volume-equivalent droplet, i.e. a spherical core of
volume vy, surrounded by a concentric shell of vol-
ume v, and an outer shell of volume v,. For this
volume-equivalent droplet, we know that

hp =2 (Rw+p - RW) ’ (13)

where Ry, is the radius of the water core and Ry p
is the outer radius of the particulate shell.
For our experiments, we will assume that

Rysp=Rs =R, (14)

which is definitely the case for droplet sizing via
confocal microscopy and probably not far from the
truth for sizing by optical microscopy (Sec. 3.2).
Furthermore, due to volume conservation, we can

write 173
Ry =R <1 — map (;3)3’) .

Assuming a monolayer of closely packed particles
on the original droplet and neglecting the curvature
of the liquid-liquid interface at the length scale of
the particles (r < R), we can derive that

(15)

12(R/r)?
(3/k)+8-c(m—0)-(r/R) "~

(16)

Nip =~

Here, x =~ (W\/g/G) is the maximum 2D packing
fraction of spheres and

c(mr—0)= %—FZCOS (m— 9)—icos3 (m—8), (17)

which stems from the particles on the original
droplet being partly submerged in the water phase.

9 Sliding contact line

In Sec. 3 of the main text, we introduce an effec-
tive repulsion per unit area v (h) = ay between the

droplets to explain the observed II-enhancement.
Assuming a fixed contact line, we argued that
a ~ 1, as compression requires deformation of the
liquid-liquid interface between the particles on one
droplet, the energy penalty for which should be
of the order of the interfacial tension . We also
mentioned that assuming a constant contact angle
should lead to the contact line sliding across the
particle, resulting in two additional contributions
to the interaction energy, one from the change in
wetted particle surface by the two liquids and one
from the change in liquid-liquid contact area.

Straightforward (but tedious) geometric consid-
erations show that the change in free energy upon
compression due to a sliding contact line can be
expressed as:

AGgige = 2mr?cos(m—0) (Ypo — Vpw)
— 2mr?cos (m— 0 +9) (Ypo — Ypw)
+ w2y (sin® (m — 0+ 9) —sin® (0)) .
(18)

Here, r is the particle radius, 6 is the particle-
liquid-liquid contact angle, 9 is the angle between
the deformed and undeformed liquid-liquid inter-
face at the contact line, v,0(7pw) is the particle-oil
(water) interfacial tension and = is the water-oil in-
terfacial tension. If the contact angle remains con-
stant during compression, it obeys Young’s equa-
tion

Ypo — Ypw = Ycos () . (19)
Combining Eqs. (18) and (19) results in
AGgige = mriy (2 cos? (m — 0)
— 2cos(m—0)cos(m—6+9)
+ sin® (7 — 0 +9) —sin® (0)) .
(20)

Note that we write (7 — 6) as the contact angle
is measured through water whereas the liquid in
the interdroplet film is oil. Eq. (20) confirms that
AGglige < 7, so we can indeed write v (h) = avy
regardless of whether the contact line or the contact
angle remains constant upon compression.

In addition, we can write the distance that the
contact line slides along the direction perpendicular
to the undeformed liquid-liquid interface as

9 9
Azglide = 27 sin <7r -0+ 2) sin (2> .

Sweeping ¢ as a parameter, we can plot AGgjqe
vs Azgide (Fig. 8). Note that even if the contact

(21)
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Figure 8: Change in free energy AGyjige upon com-
pression due to the particle-liquid-liquid contact
line sliding over a distance Azgqe along the direc-
tion perpendicular to the undeformed liquid-liquid
interface at constant contact angle (particle radius
r and liquid-liquid interfacial tension 7).

line only slides by a quarter of the particle radius,
AGylide/ (m"z’y) ~ a ~ 1, confirming that the con-
tribution of a sliding contact line to v (h) can in-
deed be comparable to the contribution from the
deformation of the liquid-liquid interface.

10 Interparticle interactions

To estimate the order of magnitude of capillary
forces, we consider here the immersion capillary
force between two vertical cylinders of radius r. = r
perpendicular to the liquid-liquid interface. Follow-

ing Ref. 16 we write
AWim ~ —27yresin (Ve) (he — hoo) (22)
where
sin (W) cos (180% — 6)
hc = 7 Sin (‘IIC> (7—1 + 2In (1772;27—1 ))
Poe = 7resin(¥e)In (m 7
(23)
and
S 111(751* 1+‘%3) (24)

Note that, for hoe = hAmin = 3.47r < 4r for a
close-packed bilayer, the particles are effectively
‘“immersed’ in the interdroplet film. The associ-
ated attractive capillary interaction energy of or-
der 108 kgTp between particles on the same droplet
may be large enough to cause an effective repul-
sion mr2v (Pmin) ~ 107 kT, between facets across
the interdroplet film, ultimately resulting in the ob-
served osmotic-pressure enhancement.

Below, we estimate the magnitude of various
other interparticle interactions and demonstrate
that they are too small to make a substantial con-
tribution to the observed Il-enhancement. First,
we consider Van der Waals forces. Following Ref.*
we write

2rA
AWvaw — ~ 12(L2r)

= 8(Z/n-D
10! kpTo
< 107 kgTy ,

Q

where A ~ 51072 J is the Hamaker constant for
PMMA-PHSA in n-dodecane,!” r is the particle
radius and L = r + 10 nm is half the interparticle

separation (10 nm being the approximate thickness
of the PHSA-layer 18).

Another option is entanglement of the PHSA
polymer chains that stabilize the PMMA parti-

cles, +17
AWene ~ Ty (225) (¥ —x) (6 — (h/2))*
-(3r+ 26+ (h/2))
~ 103 kgTy
< 107 kBTO s

(26)
in which p is the density of grafted chains, § is
the thickness of the PHSA-stabilizer shell, A is the
surface-to-surface separation, C' is the average con-
centration of polymer in the steric layer, () is an
entropy (enthalpy) interaction parameter and V; is
the partial molar volume of the solvent.

Instead of dilating, particle-laden liquid-liquid
interfaces can bend when two droplets collide.
The associated interparticle interaction can be ex-
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pressed as!?
AWiend ~ (AWbending Spon collision) (71‘2}))
2
6 gm) (4myr R cos (0))
~ 10° kgTy
< 107 kgTy

Q

(27)
with n;p, the (constant) number of interfacial par-
ticles, ¢op the packing fraction of interfacial par-
ticles, R the droplet radius, v the water-oil inter-
facial tension and € the particle contact angle; we
have assumed that each droplet has 12 neighbors
(as in an fcc crystal). Note that, at high ®, bend-
ing becomes less expensive than dilation,'® which
is why we observe in confocal microscopy that the
particle-laden droplet surfaces bend rather than di-
late at high ® (or the Plateau borders would have
filled up completely).

Finally, as centrifugation effectively increases the
particle weight, we have considered flotation capil-
lary forces. Following Ref.2% we write

AWaot ~ 2mvQ%In (%)

~ 1071 kT (28>
< 107 kgTy
in which
Q = ¢*r (2 —4D + 3 cos () — (cos 0)3> ,
(29)
@ = (pwaterf’fon)ﬁdc (30)
and
D = Psolid — Poil , (31)

Pwater —Poil
with v, =~ 1.781, w the angular frequency and d,
the length of the centrifuge lever arm.

10
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11 Movies

i i
~droplet radii R / um
28 | 38 43 58

Figure 9: (a) Movie3a_x1769rt.avi. Recov-
ery of water-in-dodecane emulsions, stabilized by
0.630 pm radius PMMA-PHSA particles, after cen-
trifugation at ~ 194g. (b) Movie3c_x15167t.avi.
Recovery of similar emulsions, from left to
right stabilized by PMMA139-PLMA, PMMA110,
PMMAO063-PDV or PMMAO58 (see Table 2), after
centrifugation at ~ 750¢g. Scale bars 10 mm; both
movies have been JPEG compressed; spanning 24
h at (a) ~ 1769x and (b) ~ 1516x real-time.

Lkt E— g—
~droplet radii R/ um
31 4394 34 33

Figure 10: (a) PMMA043-Movie_x1200rt.avi.
(A/B) 2.5 vol-% suspensions in n-dodecane of
0.425 pm radius PMMA-PHSA particles, after
~ 41 h of gravitational sedimentation. (C/D)
Similar samples, topped up with n-dodecane, 8
min after ~ 15 h of centrifugation at ~ 696g.
Scale bar 10 mm; movie JPEG compressed; span-
ning ~ 19 h at ~ 1200x real-time. (b)
PMMAOQ63_Shaker.avi. Sample R33r058-PHSA,
i.e. water-in-dodecane emulsion with mean droplet
radius 33 pm and PMMA particle radius 0.575 pm,
approximately two months after the expansion ex-
periment corresponding to Fig. 7 — hardly any
droplet/cell re-dispersion after ~ 2.5 minutes on
a flask shaker.
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