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Charging of an lonic Liquid Droplet in a Dielectric Medium
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Abstract : Tonic liquid (IL) is a salt presents in a liquid form at room temperature. Recently, it attracts huge attention due to its
possibilities as a clean solvent, electrolyte, and catalyst. In the present work, the charging behavior of six different ILs were
investigated using droplet contact charging phenomenon in a dielectric medium. Basically, the charging of an IL droplet can be
explained by a perfect conductor theory. However, there were several different features depending on the species of ions of ILs,
which requires rigorous molecular level modeling of charge transport through electrochemical reaction of IL. We hope the present
results contribute to build up fundamental understanding of electrochemical charge transport of IL.
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Figure 1. Schematic of droplet contact charging phenomenon and a
discrete half cell electrochemical charge transfer.
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Figure 2. Schematic of an experimental setup for the IL droplet con-
tact charging experiments.
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Table 1. Physical Properties of ILs used in the droplet contact
charging experiments

Density | Viscosity

Name Abbr. @ /cm3) (mPa-s)
1-Ethyl-3-methylimidazolium EMIM-MS 132 729
methylsulfate
1-butyl-3-methylimidazolium BMIM-MS | 121 2132
methylsulfate
1-hexyl-3-methylimidazolium HMIM-MS | 1.19 383.0
methylsulfate
1-Ethyl-3-methylimidazolium EMIM-ES 124 918
ethylsulfate
1-butyl-3-methylimidazolium BMIM-ES 120 379.1
ethylsulfate
1-hexyl-3-methylimidazolium HMIM-ES 115 589.0
ethylsulfate
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Figure 3. Charging of a 800 nL IL (EMIM-MS) droplet. The velocity
distribution (upper) and the corresponding electrometer
signal (lower).
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Figure 4. The dimensionless charge of an IL droplet estimated from
the velocity of the droplet. The charge was normalized
with theoretical value by perfect conductor theory. Red
one represent positively charged droplet charge and blue
one represent negatively charged droplet charge. Each
block represents the same applied electric field and within
the same block, the droplet size increases from left to
right. The dependency on ionic species.
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Figure 5. Measured charge of the IL droplets using an electrometer.

S 9% Ao W7)H §HALE Lehich o 204
5 oke] ghe 7 mAle] HHAL ke of o 24lo 4]
B o 4 gl RS A ZAVE Heto] vk A% Ew
omyE 97 Bt Hstgre =ale] EwAe] wgiths
Aolck. wrekA] o] &4 oA oAo) FH AAS %A =A
e A ga) A Brhe ol &4 oA 9do] A A
W7ol o Weow waHol Z/hE ol £ He
P F7HE Uehd Zlola o] A7)l A] 2

A4S o W ASRS de A
Figure 5= A7AS
Eht glck. ARAE ol g3
KViem o]sefl A= o] 4|19 o]
3}94 7o) olH 7] wizoll 67FA] o]/ HA|of thgt &7

© 27153tk E5) HMIM-MSS} HMIM-ES®] 7% 3 kV/em
ool A7 AlA L e AW A ujie] ozo] Hojx)
= wAIZE ol 740] E7Fs Atk S 7Hse Yol A
FAZ o8 ol &4 Ao FHE Figure 50 Lpehdt v}
o} o] o] 24lo] oS 2T Zhe Uehih web o)A
Nz MAol Z=HFAL 7|EA o2 HEH 7HHoR A
o] 7Hs Rtk

3 kV/em o]A4to] v 2] &o A7 gstof Al o] A i) A
o] T S dAl ’S H oBRel o] 7jEA o o =
A 7oz Y= Zlo] 7hssith AR Figure 40f 1t
Eht vhef ghol 3 kV/cm olste] w2 A7|% stoflA o] FH
A& o] 24 AA 9 o] Fio wet mje- TRkt =
veplch 7t FEed EA4L A F 7R, A WA=
Folol 7)ol wE %d% Zpolg & 7 Athele] =
9 3 7]+ Figure 6 #=). Figure 404 EMIM-MS2] 79
3 kV/em o]s}o] A 9] FL%‘ES o] A Kt} | 30% o|st=
FHE s Fe Hol=dl utsl HMIM-ES9| A% 2= &4

Ir

grolA ol et A4 2 ghe bl AL B 4 gtk
5 oA A Soleo] A7ld e Ao 55 EMIM

7+ BMIM °ok°]%94 789 Sol&o] MSQl -9 thH] ES& &
AW L %



358 A7) A20d A4, 20144 124

Cation(n=2, 4, 6)
H3C\N+/\N/an2n+1

/

Anion(m=1,2)
(o)

0— g —OC, Hypme1
(II)

Figure 6. Molecular structures of ILs used in the experiments.
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