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Observation of Electroviscous Effect of Ionic Liquid by Capillary Filling
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Electroviscous effect of an ionic liquid (1-methyl-3propyl imidazolinium iodide) in ethylisopropylsulfone is
measured using capillary action in which the capillary filling speed is depend on viscosity of the sample.
Rectangular capillary cells are prepared with two indium-tin oxide coated glasses and polyimide film spacers. The
electrodes allow us to measure the electroviscous effect of the sample. The results of electroviscous measurements
clearly show voltage dependence in which the application of voltage slows the capillary filling speed. The
theoretical analysis of the capillary action is also performed. The calculated results show a well agreement with

the experimental results.
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To simplify eq.(5), we use the following expression

2(a + b)ocosb
4 = 2a+bacosd
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Now, eq.(5) is written as
dXx

Pk 9
= BX+A )

This equation can be easily solved. The solution of the

differential equation is,

1 A
X= Eexp(—Bt +C)+ 3 (10)

where C, is a constant of integration. When 0° < § <

90°, we can obtain,

2 24
x= |——exp(—Bt+C;) +—+C, (11)
B B
where C, is a constant of integration. The velocity of

the liquid in the capillary is also easily obtained as

1 A
T x

Since v(0) = 0 and x(0) = 0, C, and C, are determined
as
C,=InA (13)
C, = 3exp C, (14)
B
Figure 2 shows the capillary filling speed and time
graph and the length of the viscous liquid in the

rectangular capillary. Here, we calculated it using the

following experimental parameters: a of 8.8 mm, b of

15 um, p of 1170 kg/m’, ocosd of 40 mN/m, and u of
32 mPa's. The velocity rapidly decreases at the
moment when the liquid poured into the capillary, and
then the velocity gradually decreases with increasing
time. The reason is easily explained: viscous friction is
proportional to the length of the liquid and the
capillary filling speed, as shown in eq.(4). That is,
when the time variation of x is small, the time
variation of viscous friction is also small. As the result,
the capillary filling speed changes, as shown in Fig.
2(a).

(3

¥ g
=N »

v (mm/s)

T

0.5
0 | . 1

0 10 20 30 40 50
Time (s)

0 10 20 30 40 50
Time (s)

Fig. 2 (a) The velocity of viscous liquid in a
rectangular capillary. (b) The length of
the viscous liquid in the capillary.
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3. Experiment

The test sample was 1.5 mol/L 1-methyl-3propyl
imidazolinium iodide (MPII) in ethylisopropylsulfone
(EiPS). The densities of mass of MPII and EiPS are
1540 and 1000 kg/m3 , and the molar mass of MPII and
EiPS are 252.1, and 136.2 g/mol. This ionic liquid
MPII  has

widely been investigated in the
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dye-sensitized solar cells because of its low viscosity
(865 mPa-s) [19], and the viscosity of EiPS is 5.6

mPa-s [20]. These molecular structures are shown in

Fig. 3.
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Fig. 3 Molecular structures of
(a) 1-methyl-3propyl imidazolinium iodide (MPII) and
(b) ethylisopropylsulfone (EiPS)
3 A FVRELBEEDOSTFHEE
(a) 1-methyl-3propyl imidazolinium iodide (MPII),
(b) ethylisopropylsuifone (EiPS)

We prepared a cell as a rectangular capillary as
shown in Fig. 1. The length, width, and thickness of
the capillary were about 20 mm, 10 mm, and 15 pm,
respectively. The cell consisted of two indium-tin
oxide (ITO)-coated glass substrates sandwiching two
polyimide films as a spacer. The application of electric
field to the ITO electrodes allows us to measure the
electroviscous effect of the sample. The ITO electrode

was covered with thin polyvinyl-alcohol film to

prevent electrolysis of the ionic liquid on the electrode.

A DC voltage was applied to the electrodes in all
experiment. We recorded the capillary action after

pouring the sample with a video camera.

4. Experimental results and discussion

The voltage dependence of the capillary filling
speed is investigated by pouring the MPII/EiPS
solution into the cell. A DC voltage was applied to the
ITO electrodes during the measurement. The capillary
filling speed decreased with increasing voltage. We
easily observed that the application of voltage slowed
the capillary filling speed. Figure 4 shows the
snapshots of the video recorded during the infiltration

of the MPII/EiPS solution into the cell. In this

experiment, we measured the capillary filling speeds
with 0 and 2 V. Thicknesses of both cells were about
15 pm, which were determined by optical interference
method before pouring the sample. Figure 4(a) shows
that the MPII/EiPS solution is poured into the cell
with the application of a voltage of 2 V. The figure
caption of 6 sec means that we started to pour the
sample into the cell at 6 seconds after recording a
video. After 10 seconds from the first pouring, i.e. 16
sec in the video, we poured the same ionic liquid
solvent into the other cell without voltage, as shown in
Fig. 4(b). At that point, the front of the MPII/EiPS
solution in the 2 V cell was reached to about 1/3 of the
capillary length. Figure 4(c) shows the snapshot after
8 seconds from the second pouring. Since the capillary
filling speed of 0 V was faster than that of 2 V, the
front of the MPII/EiPS solution at 0 V catched up that
of 2 V. Finally, the front of the MPII/EiPS solution of
0 V went in advance of that of 2 V, as shown in Fig.
4(d). As is evident from Fig. 4, the electroviscous
effect of the MPII/EiPS solution is easily observed by
capillary filling.

To quantitatively investigate the capillary action,
we plotted the front position of the MPII/EiPS solution
versus time by measuring them from the video. Figure
5 shows the plot of the front position x of the
MPII/EiPS solution in the cell for 0, 1, and 2 V. We
read the data of x from the front position at the center
of width. x rapidly increases at the moment when the
MPII/EiPS solution poured into the cell, and then x
gradually increases with increasing time. This
characteristic is quite similar to the theoretical curve,
as shown in Fig. 2(b). It is clear from Fig. 5 that the
time of arrival to the end of the capillary strongly
depends on voltage. This indicates that we can control
liquid flow by the external voltage of a few V.

We performed a curve fitting analysis for these
experimental results. Figure 6 shows the measured and
calculated results. The calculated results show good

agreement with the measured results. On the other
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Table 1. Physical parameters used for calculations

#£1 FHECHAWZHEART A —FE
ov 1V 2V
a (mm) 8.8 8.8 8.8
b (um) 15 11.5 15
p (kg/m?) 1170 1170 1170
u (mPars) 32 44 70
ocosd  (mN/m) 40 40 40

hand, at near the end of the experimental results, the
calculated results do not show a good match with the
measured results. This is because the end of capillary
is not taken into account in our calculation.Physical
parameters used for the calculations are summarized
in Table. 1. In the parameters, the viscosities for 0, 1, 2
V are estimated values in the previous study [16]. We
performed curve fitting by changing gcosé concerning
surface tension. If we independently measure surface
tension and contact angle, the viscosity of ionic liquid
solution can be

determined by the capillary

experiment.

5. Conclusions

We observed the electroviscous effect of MPII in
EiPS by capillary action. The capillary filling speed
and position were obtained from the video recorded
during the infiltration, which showed a well agreement
with theoretical calculations. The increase of a DC
voltage to the sample decreased the capillary filling
speed. This result indicated that the viscosity of the
MPII/EiPS solution increased with increasing electric
field. If we independently measure surface tension and
contact angle, the viscosity and electroviscous effect
of ionic liquid solution can be determined by the
capillary experiment. The large electroviscous effect
will become important role in development of electric
devices using ionic liquids and electrolyte solutions.
We believe that this study will contribute to provide a
better knowledge for the development of electro

chemical application using ionic liquids.
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