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1. Movies for experimental results in Figure 1

Movie S1. Movie of reciprocating motion in Fig. 1a (real time)

Movie S2. Movie of reciprocating motion in Fig. 1b (real time)

2. Time-course of reciprocating motion in the long-term observation

Figure S1 shows the time-course of the location of a BS droplet on the longitudinal

axis of the rectangular glass vessel (300 mm (length) x 15 mm (width) x 10 mm (height)),

x, at Csps-w =

maintained for a few hours, and then finally stopped.

= (a) 20 and (b) 60 mM in the long-term observation.
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Figure S1. Time-course of the location of a BS droplet on the longitudinal axis of the chamber, x, at

different concentrations of SDS in the water phase (Csps.w = (a) 20 and (b) 60 mM).

corresponds to the location of one edge of the water chamber.

x=0



3. Reciprocating motion with a small amplitude in an annular water chamber

Figure S2 shows snapshots of reciprocating motion with a small amplitude at Csps-w =

20 mM when an annular glass chamber (inner diameter: 90 mm, width of the chamber:

18 mm) was used to confirm the effect of the boundary of chamber.
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Figure S2. Snapshots of (a) a BS droplet (time interval: 0.2 s) and (b) annular water chamber (top
view). Observation time was (a-1) 120.7-121.5s(No.1-5), (a-2) 124.0-124.8 s (No.6-10), (a-
3) 128.0 — 128.8 s (No.11-15), and (a-4) 131.0 — 131.8 s (No.16-20). The dotted square in (b)

corresponds to the observation region in (a).

4. Experimental results on the simultaneous measurement of speed and ellipticity

of a BS droplet

Figure S3 shows the experimental results on the simultaneous measurement of speed

(solid line) and ellipticity, /i//,, (dotted line) of a BS droplet which exhibits reciprocation

on an aqueous phase at Csps-w =20 mM, where /; and /, are defined in the upper of Fig.S3.

I\/l, was the maximum when the speed of the BS droplet was zero, whereas i/, became



the minimum before the BS droplet motion reaches the maximum speed.

Y
Air e

— ; ;
Water \/ Side view

Ily Top view

-«

- 20 : . ) N LT 0.95 m
17 H ’|'““I'.I ) i\lﬁ",l I"'\J ! “H,.'n =
= A8 AV ok W W =

K \ "l NNy o
LY M T AU M W oo 8
< 10 4/ i I\ Ly R
o) Y] “ i l": ‘i' <
(0] v 1] ‘\'—b g
(% ! =1 0.85 <

0 0.80
2s

Figure S3. Simultaneous measurement of speed (solid line) and ellipticity, /. /I, (dotted
line) for reciprocation of a BS droplet on a 20 mM SDS aqueous solution. /; and /, are

defined schematically.

5. Contact angle, 6, estimated from egs.1 and 2 based on the experimental
results in Fig.6 and the density of SDS solutions

To confirm the validity of egs.1 and 2, we compared the contact angle, 6, of the
experimental results in Fig.4 (filled circles) with that obtained from eqgs. 1 and 2 based on
the experimental results in Fig.5 and the density of SDS solutions (empty circles), as
shown in Figure S4. The contact angles for empty circles were similar to those for filled
circles at Csps-w <3 mM and at Csps.w > 50 mM, but those for filled circles were higher

than those for empty circles at 3 mM < Csps.w <40 mM. The range for 3 mM < Csps.w



<40 mM is close to the range for reciprocation with a small amplitude. The difference

of the contact angle between them may be due to the decrease in the concentration of SDS

around the BS droplet since BS molecules are dissolved as the mixture of SDS and BS

into the aqueous phase at this range.

-
o
o

[¢)]

[«b}

= @) O @) ) 0

g 80 L ©

3 ¢

D 60 o

< ® o

S 4P

[4y]

8 20 ¢

[

8 0, 1 1 1
0 20 40 60

Csps-w/ MM

Figure S4. Contact angle, 6, of the droplet on the water phase depending on the
concentration of SDS in the aqueous phase (Csps-.w). Empty circles of the contact angle
were obtained from eqs.1 and 2 based on the experimental results in Fig.5 and the density
of SDS solutions.  #was measured when the droplet was inverted and the velocity of the
droplet was close to zero. Filled circles correspond to the data in Figure 4.

6. Derivation of the mathematical model for BS droplet motion

We introduced the additional assumption for mathematical model. The upper
phase is sufficiently thin that we can ignore its depth. Under this assumption, we can
transform eq.5 into only 1-dimension model. In eq.5, s is characteristic, as the following

PDE:



%(t,x, y)=d 4s. (S

Ll = [y L[ [65 5Sjy. (s2)

From the assumption, we consider that &/& and #s/&* depend on y. Therefore,

from the left side of eq.S2, we obtain

1gnds, s (S3)
L Jo a¥ = a

and from the right side of eq.S2, we obtain

62 62 d°s 1, 9%
y

Then, the second term of the right side of eq.S4 is transformed as follow:

P N ] _os S5
C jo d, o dy = Ly(ay(t,x,Ly) ay(t,x,O)j. (S5)

Moreover, from the eq.8 and eq.9, the right side of eq.S4 is calculated as

ﬁi(g;(t,x,Ly)—Z;(t )]=—ya( —c)u+ d(so—s) (56)

Therefore, from eqs.S2-S6, we obtain

(x)=0, 23~ S afe, ~ o+ i (5,-9) (S7)

y y

If we coordinate

9 ok, d=dg (S8)

and substitute eq.S8 for eq.S7, the following 1-dimension PDE for s is derived:

%(t,x)—d gj k,(c, —chu+d,(s,—s). (S9)

Similarly, we transform PDE for ¢ in eq.5 into 1-dimension PDE and obtain the following:



o dcy+ k,(c, —cu—d,c. (S10)
where
. d
d, = =0y, (S11)

and we coordinate as

L p=k, (S12)
y

From eqs.S9 and S10, we introduce 1-dimension model for the present system as follows:

(dx, 1 _ _ -
= 0 (e )l - s )
%=duuxx_kuu_k1(co_c)‘l+F(X’XC)’ (813)
<
% = dssxx - kl(CO _C)J + dll(so - S),
% = dscxx - kl(CO - C)U + d2C

7. Numerical calculation of BS droplet motion

Figure S5 shows the time-course of the location and the velocity of the BS
droplet with two values of so, 0.02 and 0.06. The time-course of the velocities with so =
0.02 and so = 0.06 exhibited triangular and square like waves, respectively, similarly to

the experimental data Figure 1.
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Figure S5. Time-course of (1) location of the BS droplet on the longitudinal axis of the
calculating area and (2) velocity of the BS droplet at different values of s¢ ((a) so = 0.02,
(b) s0 =0.06).

8. Movies for numerical results in Figure 9
Movie S3. Movie of no motion (so = 0.005)
Movie S4. Movie of reciprocation with a small amplitude (so = 0.02)

Movie S5. Movie of reciprocation with a large amplitude (so = 0.06)



