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In the ESI, we provide details regarding the calculation of the electric and capillary stresses
acting on the core droplet. Here, we also provide measured interfacial tension (y;,) values

corresponding to non-dimensional surfactant concentration (C*).

We consider a spherical core droplet of radius "¢ that is encapsulated by an outer shell of
radius "s e = A7) and suspended in immiscible ambient liquid under a direct-current (DC)

electric field. The stresses acting on point P (6 = 0) at the core interface are analyzed.

Calculation of electric stress

The DC electric field is applied to the double-emulsion droplet. Owing to the discontinuity of
the electrical properties, electric stresses are generated at the interfaces, which are given by

the Maxwell stress tensor.
0'M=£(E'E'—E21/2) (S1)

The increase in the stresses at the core interface can be conveniently represented by normal

and tangential stress components:
(o0 1) - 2| = [le(B - 7)? - e(E - )| (S2)
(o 7)€ = leCE- &7 (83)

Here, llAll indicates an increase in 4, and ™ and t represent unit vectors normal and tangential

to the interface, where n=7 and £ = 6.
”(GM ) ﬁ) ) ;1”12 = (szﬁnz2 - 515n12)/2 - (szEtZZ - 51Et12) (S4)

”(UM ) ?l) '2“12 = (sztzEnz - rS1Et1En1) (S5)
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E,=0¢/on 44 E, =0/t

Here, . According to the continuity of the normal component of the

electric current density and the continuity of the tangential component of the electric field at
. =F = . .

the interface, Fn1 = n2/Riz and Eu= Eia, respectively. Then, the above equations can be

simplified as follows:

”(O-M ) ") '"”12 = 52(1 - SlZ/RlZ)EnZ /2-(1-S1,)E, (S6)

(o0 7) - Ellyz = 2(1 = S12/R13) oy, (S7)

The electric-field components are determined by the gradient of the electric potential (¢) in

the spherical coordinate system:

) (S8)
where i = 1, 2, and 3 for the core, shell, and ambient liquids, respectively.

The electric potential (¢i) for each phase is obtained by solving the governing Laplace

equation (V¢i =0)

of the charge conservation with the following boundary conditions: (1)

¢4(r.0) = ¢2(7’c'9); () Py(ry0) = ¢3(rs'9); 3) 0,0¢,/0r(r,0) = 026¢2/6r(rc,9); 4

0,0¢,/0r(r,0) = 038(7,’)3/67‘(7‘5,9); (5) $,(0,0) ;g bounded; (6) ¢3(r,0) = E rcos, where r—oo.

¢y = 9TE ,c050 (S9a)
¢, =3&(Ry, + 2)[(T/rs) - c(rs/r)z]rsEocose (S9b)
Here,

§=1/[(Riz +2)(Ry3 +2) + 28° (R~ 1)(Ry3 - 1)], (= (Riz=1)/(Ryz + 2), (S10)

Substituting Eq. (S9) into Eq. (S8) and substituting the resulting equation into Egs. (S6) and

(S7) yields the electric stress components at point P:
3
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Fp = (0w 1) 1fl1o = 818°S55(Ry,” - S15)eE,%/2 (S11)

I(on 1) &l =0, (S12)

Calculation of capillary stress

Initially, when there is no electric field, the core droplet retains a spherical shape, and the

capillary stress is given by the Young—Laplace equation:

Fi=2Y1/r, (S13)
When the electric field is applied, the core droplet deforms, and the capillary stress becomes
Fp=2V1/ry -1y, (S14)

where "c1 and "2 represent the principal radii of curvature of the core droplet. The equation of

the deformed surface of the droplet is given as

] 2 (a-®)
R= r{l +—D(3cos” 6 - 1)} b= =
3 ,  (a+a) (S15a,b)

Here, @ and @ represent the semi-major and semi-minor axes of the deformed core droplet,
respectively.
The principal radii of curvature of the deformed core droplet (ellipsoid) are given as

2 2
Te1 = ﬂ_ T2 = a_

a and B.

Using Egs. (S17a) and (S17b), for 0 <1, the following can be derived:

(1 1)_8 b7,
Far Te2 a 0!2

_ (S16a)
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Thus, the change in the capillary stress can be expressed as

Fp-F 2Yi2/re = vio(8/a - 6r Ja?) (S17)

Measured interfacial tension values

We measured the interfacial tension between aqueous core-silicone oil (y;) at
different surfactant concentration (Cryee, so) represented in terms of non-dimensional

surfactant concentration (C*). The results for few specific cases are provided in Table S1.

Table S1. Measured interfacial tension (y;) corresponding to non-dimensional surfactant

concentration (C*)

Interfacial
Non-dimensional
Sr. Tension
Surfactant Concentration
No (12)
()
[N/m3]
1 0 0.0353
2 0.05 0.0271
3 0.15 0.0189
4 1 0.0133




