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Electrostatic Emulsification by AC Electric Field and Biological 
Application
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Water-in-oil (W/O) emulsion has been used for biological and combinatorial application. In these applications, many
water droplets are served as micro reactors and several reactions are carried out simultaneously. To make W/O
emulsion, stirring device or homogenizer are used conventionally. Since these devices such as magnetic stirrer bar
are not disposable, they have many risks of contamination. In addition, these methods require a certain amount of 
volume at least 1 mL. In this paper, it was investigated that novel emulsification methods using AC voltage. There 
were two approaches for emulsification: electrodes placed inside and outside of micro-tube.  For the internal
electrode method, high voltage electrode was placed in micro-tube. On the other hand, for the external electrode
method, high voltage and ground electrodes were placed on outside wall of micro-tube. In the both cases, when AC
voltage was applied to the electrode, water solution that was placed at bottom of the micro-tube was dispersed into oil 
phase.  Moreover, it was confirmed that this emulsification did not affect polymerase chain reaction.  These 
methods have some features: preparing electrode inexpensively, especially for external method, non-contact operation
to prevent contamination frommixing devices and requiring small amount of volume, for example, 100 �L to 500 �L. 
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Fig.1 Experimental setup in the case of internal 
electrode.
(A) Components, (B) Experimental setup.
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Fig.2 Experimental setup in the case of external electrodes.
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Fig.3 Emulsification by AC electric field.
(A) Setup, (B) after 3 seconds and (C) 10 seconds. 
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Fig.5 Photographs of W/O emulsion 2.
(A) Milli-Q water, (B) KCl solution. These were in the case 
of without surfactant. Voltage applying time (left to right)
was 1, 3, 5 and 10 min, respectively.
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Fig.4 Photographs of W/O emulsion 1.
(A) Milli-Q water, (B) KCl solution. Rapeseed oil including 
surfactant (1%) was used. voltage applying time (left to
right) was 1, 3, 5 and 10 min, respectively. 
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Table 1  Diameter of the droplets 1.

Condition Time

[min]

Diameter* 

[�m] 

CV 

[%] Rapeseed oil Water

1 8.58 4.33 50.4 

3 6.98 3.58 51.3 

5 7.33 4.13 56.4 

10 8.07 3.86 47.9 

1% Tween 80 Milli-Q

1 7.43 4.52 60.8 

3 7.32 4.09 55.9 

5 7.94 3.65 46.0 

10 6.25 2.87 45.9 

1% Tween 80 10mM KCl

1 7.31 4.14 56.6 

3 6.69 3.14 46.9 

5 7.08 2.93 41.3 

10 6.43 2.78 43.2 

No surfactant Milli-Q 

1 8.82 4.01 45.4 

3 6.71 2.60 38.7 

5 7.44 3.00 40.4 

10 7.38 3.27 44.4 

No surfactant 10mM KCl

*Mean SD.

2 2 

Table 2  Diameter of the droplets 2 

Applied voltage 

[kV0-P] 

Diameter

[�m]
CV [%]

4 9.44 4.37 46.3

6 9.83 4.25 43.3

8 8.74 4.54 51.9

10 10.84 4.08 37.6

*Mean SD.
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Fig.6 Emulsification using external electrode.
(A) Experimental setup, (B) after 3 seconds and (C) 10
seconds. 
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Table 3 Diameter of the droplets of PCR application. 

Voltage 

[kV0-P] 

Time

[sec]

Diameter* 

[�m] 

CV

%]

Position of

electrode 

Lane

in

Fig. 

7 

5 15 4.24 2.21 52.2 2 

5 30 3.24 1.15 35.4 3 

3 15 3.61 1.84 51.1 4 

3 30 3.69 1.70 46.0 5 

3 60 4.14 2.08 50.2 

Inside 

6 

5 60 4.13 2.19 52.9 7 

5.5 30 4.04 1.73 42.8 
Outside 

8 

*Mean SD.
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Fig.7 The results of the PCR (gel electrophoresis). 
Lane M: molecular weight marker (�/Hind III), lane 1:
positive control (without emulsion). Lane 2-8 correspond to
the sample mentioned in Table3.


