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Supplementary Material 1: Droplet number per cluster

Bingqging Shen, Joshua Ricouvier, Florent Malloggi and Patrick Tabeling*

When the plugs produced at the T-junction reactstép, they break up into droplets. The
number of droplet per cluster that results frors fiiocess depends on the flow-rates of the
two phases. Here 1). There exist plateaus on whelkiroplets are identical and, therelys

an integer. In between, the clusters include sédeoplets of different sizes the droplet
numberN is defined as the total cross-sectional area otlinger divided by the area of the
larger droplet. For a fixed flow-rate of the exi@rphase, this number increases with the plug
volume, in a stepwise manner (see Supplementatyé-igseveral identical, one smaller -,
giving rise to snowman shapes, or heterogeneousscHzor such casel,is a non integer
number. In fact, this evolution has the form ofeaitls staircase, reminiscent of the nonlinear
interaction between two frequencies, one beingcetsal to the plug generation at the T

junction, and the other to the droplet formatiothet step>’

250
51 = Q06 = 50 NI/MIn - 1 .
®  Qupzeg = 80 NlMIn o8 200 - °
Pe) =100 nl/min N oo -
4 J dispersed L e ] Q L4
e Q =200 nl/min ~' ~ A 4
5 - 60 & ® .
.g \ ‘.: E 150 1 - A ' ’
LN S
2 31 0’0 s o= W N 1 e 4 ¢
-~ A . - LR R 2
3 N 2 100+ o, “
s ¢ N & PR = Q,___ =50nlmi
§ 21 o igeon O Q .'\ 2 sperses = 0 1/MIN
o e 2 ® Qe = 80 Nl/Min
N & 50 4 ea A Qo =100 nl/min
1{  cesmums O oo, ] * Q.. =200nlmin
T T T T T T T T
0 50 100 150 200 250 0 0.1 0.2 0.3 0.4 0.5
a Plug volume / pL b Odispersed / Qconﬁnuous

Figure S1: Devil’s staircase of droplets productiDnoplet number (defined as the total
cross-sectional area of the cluster divided byattea of the larger droplet) as a function of
plug volume, for a fixed flow-rate of the exterpddase (w=50m, hh=10um). (b) Plug
volume as a function of @sperscontinuoudor microfluidic systems (W=5@m,

h,=10um).

Supplementary Material 2: Role of the control flow.
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Bingging Shen, Joshua Ricouvier, Florent Malloggi and Patrick Tabeling*

The control flow influences the initial configurati of the cluster at the step, along with the
distances between successive clusters in the S#neharhis is shown in the Figure below,
for triplets. Here we maintain the pressures ofdispersed and continuous phases constant

(resp. equal to 38 and 11 mbar), and we increasprdssure @at the control entries.
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Figure S2: Spacing control between the clusters in SA chaifferent configurations
observed at variouscPin a system where W=aMh, h1=10um, h2=16Qum. (a)PC= 20mbar.
The distance between clusters is 400 (b) PC= 80mbar. The distance between clusters is
40Qum. (c)PC= 120mbar. The distance between clusters is LT he scale bar is 106.

As the pressure at the control entries raiseshgpotientation of the cluster at the entry tends
to align with the mean flow, and, in the meantithe, distances between two successive
trimers in the SA channel increase, as the regultass conservation.

Supplementary Material 3: Numerical simulation.

Bingging Shen, Joshua Ricouvier, Florent Malloggi and Patrick Tabeling*

We used the commercial COMSOL Multiphasics softwtarsimulate the flow in the
microfluidic device shown in Figure la-1b. From tretocity field we determine the
streamline pattern. The streamlines plotted in &pentary Figure 3-1 originate from the
central inlet channel. The streamlines associatéde largest speeds, and therefore carrying

most of the flux, tend to self-center beyond agrant region whose size is on the order of the

SA channel heightsa. These patterns agree well with the experimeret Esgure 1b).
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Figure S3: Streamlines originating from the central inlet aheln

Supplementary Material 4: Theory

Bingging Shen, Joshua Ricouvier, Florent Malloggi and Patrick Tabeling*

The model we consider is based on the system aftieqs obtained in Referedt@Shen,
B., Leman, M., Reyssat, M. & Tabeling, P. Dynanotsa small number of droplets in
microfluidic Hele—Shaw cell€xp. Fluids 55, 1-10 (2014).). In this paper, the two
dimensional dynamics of a systemMidentical droplets, with speeds smaller than the
upstream flow, was modelled. In our case, we mustify these equations, by adding two
terms, one representing the adhesion forces betideatical droplets (see for instance
Foundations of Colloidal Science, Snd Ed., R.Hunter, p 542), and the other cornedipg to
the short-range repulsive forces that preventsletrapterpenetration. With such

modifications, the system reads:
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in which U; is the speed of drople{with 7°; the center’s positiorR its radius),e o, the unit

Jj#i

vector projected onto the mean flow at infinffythe reduction factor of the cluster speed (due
to friction against the wall, as discussed in tapgy),r; the separation distance between
dropletsi andj, A a constantr) the external phase viscosifyj a short range repulsive term
that prevents droplet interpenetration.

To obtain the dimensionless equations (1), onedhices the following dimensionless
guantities.

=~ U; — Tij o~ ri

U _Tup T ogngp = BAZBUst
e TR rl]—R,rl—Randt— -

in whicht is the physical time. Placing ourselves in the ﬁsarﬁreferencqg U, and

adimensionalizing the above equations, one get®otlosving system:
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with ¢, a dimensionless vector characterizing short raagalsive forces for dropletat time

J#i

t. This vector bears dfij. The dimensionless number that naturally emerges flese

equations is

Y = 5 A
72mpR* U _(1—p)

This number represents the importance of the adhdsrces that maintain the droplets

within the cluster, in comparison with the dipdlarces that reorganize them. The two forces
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never cancel out, but work in a complementary marthe former is oriented along the

droplet separation vectors while the latter developmponent normal to it.

VIDEO LIST

Bingging Shen, Joshua Ricouvier, Florent Malloggi and Patrick Tabeling*

Movies S1 - 3: Kinetics of clustersformation

Fluorinated oil droplets are suspended in an agueolution containing surfactant (2% w/w
SDS). Movies are acquired at 25 fr/s and playearate slowed down 2.5 times. Scale bar,
100 um.

Movie $4. Kinetics of hybrid clustersformation

Alternating transparent and blue plugs are formedteT-junctions, and transported at the
step. The transparent plug breaks into two spHetroplets while the blue one forms a single
droplet. In this way, a heterotrimer is formed. Mueo is acquired at 50 fr/s and played real
time. Scale bar, 100m.

Movie S5: 3D tetrahedron self assembly
Fluids are fluorinated oil in water with 2% SDS &%NaCl. Here, d=(0um. Video is
recorded at 25 fr/s and played at a rate slowechdaty times

Movies S6-8: Simulation 2D cluster formation.
Numerical simulations were solved using Matlab.af@eters are Y, initial positions of
spheres and time lapse between two frames.
* Movie S6
o Y=15
o Sphere 1 (10,0.5)
o0 Sphere 2 (12,0)
o Sphere 3 (14,0)
o At=05
* Movie S7
o Y=0.8
Sphere 1 (10,2.8)
Sphere 2 (12,2)
Sphere 3 (13,0)
Sphere 4 (15,1)
o At=05
* Movie S8
o Y=0.8
Sphere 1 (10.-0.0001)
Sphere 2 (12,0)
Sphere 3 (15,0)
Sphere 4 (15,-1)
Sphere 5 (13.5,1)
At=0.5
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Movie 9: Droplet solidification
In line insolation which induce clusters polymetiaa
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Poly-ethylene glycol di-acrylate droplets are suslael in an aqueous solution containing
surfactant (2% SDS). This video was acquired dt&fes/sec and played real time.

Movie 10: High Throughput cluster formation.

We are able to sustain the production of 7 drofsletsfor four hours, assembling 1.2 10
cluster. This movie shows an exemple of this thhpug during 1 min.

This video was acquired at 16 frames/sec and playadate slowed done twice.



