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ESI 1: Movies of jumping drops
Examples of launching drops can be found in the movies:

../ air400Vshortpulse.avi
../ decane400Vshortpulse.avi
../ decane400VIlongpulse.avi

ESI 2: Equations of motion

To analyze the dynamics of the detachment process in a little more detail we need to derive the
equation of motion of the center of mass (CM) of the drop and of the liquid motion with respect
to the CM. Therefore we need approximating expressions for the kinetic energy and dissipation
involved. The stretching of the drop as described in Section 4, corresponds to an axis-symmetric
elongation flow. Because the system is clearly underdamped we assume little dissipation and
describe the velocity field inside and outside the droplet by the velocity potentials: ¢,,(r,0) =
A, (r/Ro)" Pu(cos0) and ¢,(r,0) = B, (r/Ro)”" " P.(cos ) where Ry is the radius of the drop
and ¢, , the velocity potential inside and outside the drop, respectively. P, (x) is the Legendre
polynomial of order n. Because the inner and outer radial velocities 0,¢ at the surface of the drop
near r = Ry should match, the coefficients A,, and B,, obey: nA, + (n+1)B, = 0. We consider the
n = land n = 2mode; n = 1 describes the motion of the CM and n = 2 the stretching deformation
of the droplet. With these velocity potentials one calculates the kinetic energy of the internal and
external flow due to the deformation, K,, = %wRoprg and K, = %wRopoAg, respectively.
Moreover, we calculate the dissipation in the internal and external flow as: Wy = 167, A3/ R
and W, = 1672 71, A3/ R, respectively. Here we neglect the hydrodynamic interactions with the
substrate. So K,/p, = %Kw/ pw and W, [tho = g—? W, [y = 2 Wy /- Alternatively, calculating
K,, and W,, for the ‘disc’-geometry yields for small deformations: K,, = %ng’pw (0;b)? and
W, = 6mR3 1y, (0:b/b)?. Using these relations to express the kinetic energy and dissipation of the
outer flow in terms of the inner flow, all energy and dissipation contributions can be expressed in

the parameters b and z and their time derivatives:

Kiw = BrBpu+ 2p0) (91D)° M
Kem = 7R pw + 3p0) (8:2)? )
Uni = m ((2—n)a® + 4ab) 3)
Um = 27R(pw —po)gz 4)



The contributions to the dissipation are estimated as:

I/Vint = 677(/Jw + 2MO)R3 (8tb/b)2 (5)
W, = 27Tuca3(8ta/a)2 (6)
Wem = 6muoRe (8,2)? ?)

where Wi, represents the dissipation inside the droplet, W, the dissipation due to contact line
friction (note: a = (R?/b)/2) and Wy, is due to the motion of the drop through the surrounding
medium. In air density and viscosity are negligible, p, = 1, = 0. Now we can formulate the
following rate equation for the total energy:

O (Kem + King + Uem + Uint) = —Wing — Wer — Wem 8)

while the motion of the CM is given by Newton’s second law:
Fo = 21R3(pw — po) g — 6716 Re 012 = 2R3 (puy + $p0)07 2 ©)
Because 0y (Kcm+Uem) = 2T R (pw+ 3 po) 02 02 2+21 R3(puy— po)g 042 last two equations decouple

in an equation for b:

at (Kint + Uint) = *V.Vint - Wcl - Fn atb (10)

where we used F,, 0;z = F,, 0;b (because F,, = 0 when z # b) and one for z:
F, = QWRg(pw + %po) 832 + QWRi(pw — po) g+ 67ROz (11)

To proceed we write Egs. (1 - 7) in a dimensionless form by scaling the energy on Ey = myR? and
the time on ¢ty = (R2(pw + 2p,)/7)'/2. We also define the Bond number, Bo = g(p,, — po)R?/7,
the Ohnesorge numbers, Oh,, = pi,/(V(pw + %p(,)RC)l/Q, Oho = pio/(V(pw + %pO)RC)l/Q, and the
Ohnesorge number due to contact line friction, Oh. = ./ (7(pw + %po)Rc)l/ 2. This results in:

11 3py + 2p,

Kini/Ey = 2 = =22 12

t/ 0 vB; v 36 2pw + po (12)

Kem/Ey = ¢ (13)

Uine/EBo = u(B) u(B) =482 + (2 —n)p~ (14)

Um/Eo = 2Bo( (15)

for the energy contributions, and

toWint/Eo = (60hy, +120h,) 72 52 (16)

toWa/Ey = 1O0h.p7"? 32 (17)

toWem/Eo = 60h, 2 (18)

for the dissipation. Here we used V = 27 R, o = a/R., B = b/R. (such that o8 = 1), ( = z/R,,
Br = 0.8, B~ = 0283, and so on. The differential equations now read:

Or (v 87 +u(B) = —((GOhw+1zohO)B—2/33+%omﬁ—mﬁi)—an (19)

F, 2(Bo+ (rr) +60h, G (20)

Performing the differentiation with respect to 7 and defining:

f(B,B:) = dpu+ (6 Ohy, +120h,) B26, + L Oh, 57723, (21)



we finally obtain after division by - :

T TT hO T
5 = 2BOHI(BB) + 26 £60h G )

CTT = _2(1/ + 1) (23)

2Bo+ f(B,B,) +60h, ¢, if ¢ +30hy (o4 Bo>0
—Bo —30h, (, if C—B>0

where the condition ¢, + 3 Oh, ¢, + Bo > 0 is equivalent with: f(8, 8;) < 2v Bo. These ODE’s
have been solved using an rk4 integration routine with A7 = 0.05. During free-flight, when ¢ > 3
and F;, = 0, the motion of the CM is given by:

C‘r‘r + T(;S;CT +Bo=10 (24)

where 745, = (30h,) ! is the characteristic dissipation time of the CM motion. The solution of
this equation is given by:

C(T) = Cmax + TgspBo (l _ e_(T—Tmax)/TdSP — (7’ — Tmax)/TdSp) (25)

Last equation describes the free-flight trajectory of the droplet in 0il, i.e. the black dotted curve in
Fig. 4 of the manuscript.



ESI 3: Additional Figures
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Fig. ESI 1: Jump height versus applied voltage as calculated with our model. Green curve: water drop
launched in air after t,=8 ms, red curve: water drop launched in n-decane after t,, = 10 ms and blue curve:
water drop launched in n-decane after t, = 200 ms.
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Fig. ESI 2: Jump height versus applied EW number of a water drop in air. Red symbols: data from Lee et
al. [11], green symbols: data from Fig. 5, blue curve: our model calculation.
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Fig. ESI 3: Jump height versus EW pulse time as calculated with our model. The black curve represents the
gravitational energy Uy, in the highest point of the trajectory, while the red curve represents the excess sur-
face energy AUsuye at detachment. The blue curve represents the ratio Ugy / AUsure, which is approximately
0.3 in stead of 0.25 as observed in the experiments.



