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A simple and convenient method to measure micro-electrophoretic mobilities was proposed to determine the zeta-potential of nanobubbles generated by ultrasonication. Bubbles in aqueous solutions of polyoxyethylene alkyl ether with different alkyl chain lengths and EO numbers were sonicated with a palladium-coated electrode designed specially by the manufacture. The zeta-potentials of bubbles in surfactant solutions at all PH values are negative. As the chain length of polyoxyethylene alkyl ether increases, zeta-potentials decrease at high PH. This study has shown that the chemical properties of functional group in the head group of non-ionic surfactants are also an important factor for charging as well as the polarity of non-ionic surfactants consisting of bubble interface.

Introduction

Tiny vacuoles, known as cavitation, are formed when the pressure wave passes in ultrasound, or the blades of a stirrer vibrate, or turbulence pass through a small orifice at high speed. Gas bubble nucleation is facilitated by various factors such as the presence of dissolved gas, or of dust or ions. Surfactants also play a role in the cavitation by lowering the surface tension in aqueous solution. All the measurements so far have been utilizing relatively large bubbles, which bring about electro-osmotic water transport, consequently, making difficulties to analyze the electrophoretic mobilities (2-6). Though, the technique using bubble rise potential can solve the electroosmosis problem, the bubbles prepared by this technique should be strictly spherical and streamlined by laminar liquid flows. Recently, simple and covenient method was found to measure the surface charge of very small bubbles with and without alkyl polyglycosides in the aqueous solutions. All the bubbles generated by ultrasonication were less than 1 (m. in size. (1 )

Experimental

Polyoxyethylene 10-lauryl ether(12EO10), polyoxyethylene 10-cetyl ether(16EO10), polyoxyethylene 10-oleyl ether(18*EO10), polyoxyethylene 20-cetyl ether(16EO20), polyoxyethylene 20-oleyl ether(18*EO20) and Polyoxyethylene  23-lauryl ether(12EO23) were used as received from Sigma Chemical Co. Polyoxyethylene 20-stearyl ether(18EO20) and polyoxyethylene 10-stearyl ether(18EO10) is obtained from Aldrich Chemical Co. Concentrations of every surfactants are about three times as much as the critical micelle concentration. All surfactant solutions were prepared using de-ionized water (MilliQ water system, Millipore Ltd., Mississauga, Ontario). Samples were filtered using 0.2 (m filter (Sterile Acrodisc) before sonication to get rid of the dust. Ultrasonic energy was exerted by BRANSONIC Ultrasonic Cleaner Model 1510, which have a frequency of 42 KHz and output power is 70 Watts. To generate enough amounts of bubbles, two-sided 5 mm ( 10 mm palladium-coated electrode was used. Under such conditions, nano-bubbles made were sufficiently stable for the measurements. The determination of zeta potential was carried out using ZetaPlus (Brookhaven Instruments Co., Holtsville, New York), where the Uzgiris, Brookhaven electrodes coated by palladium, was mounted. Fig. 1 shows the cell design of Brookhaven electrode. 
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Figure 1. Cell design of the Brookhaven Uzgiris electrode, coated with palladium

Results and discussion

The bubbles should be sufficiently stable during the measurement of zeta potential. Table1 shows the zeta potential of bubbles in pure aqueous solution was measured with time, and no significant change of zeta potential was found for up to 1 hour. It means that stable bubbles were successfully made by sonication. Effective diameter of the nano-bubbles was in the range of 300 nm to 400 nm. In general, bubbles created at pH 3 were larger than those at pH 12. All the zeta potentials were negative and it became more negative with increasing pH.

	
	
	Zeta potential (mV)

	Surfactants
	pH
	0 min
	5 min
	30 min
	60 min

	12EO23
	3.0
	-4.35
	-4.54
	-4.15
	-4.35

	
	7.0
	-10.62
	-8.83
	-8.83
	-8.7

	
	12.0
	-15.36
	-13.44
	-14.97
	-14.85

	18*EO20
	3.0
	-4.35
	-4.61
	-4.48
	-4.48

	
	7.0
	-4.48
	-4.35
	-4.35
	-5.25

	
	12.0
	-15.74
	-17.79
	-17.04 
	-17.92

	12EO10
	3.0
	-4.35
	-6.02
	-4.35
	-4.35

	
	7.0
	-6.91
	-6.91
	-7.04
	-5.25

	
	12.0
	-17.28
	-16.13
	-16.13
	-16.77


Table 1. Zeta potential of nano-bubbles in surfactant solutions after
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Figure 2,3. Effect of PH on the zeta-potentials of nanobubbles in alkyl polyoxyethylene solutions of various chain lengths and numbers of head groups.

Zeta potential of nano-bubbles in surfactant solutions is shown in Fig. 2 and Fig. 3. As PH value increases, it is more negatively charged. Bubbles produced in solutions are all negatively charged at all pH ranges tested as reported by Balzer (7). As the alkyl chain length of the molecule increases, the zeta-potential is more negative, especially at higher PH. The bubbles produced with 20 EO groups tend to be more negative than those produced with 10 EO groups in an acidic PH range. The orientation of water dipoles at the interface induces selective adsorption of OH- ions onto the air-water interface of the bubbles. Yoon and Yordan proposed charging mechanism in the air bubbles and hydrocarbon oils. Air bubbles and hydrocarbon oils in pure water should be charged positively at a low pH due to its increased chemical potential of H+ ions in solution. When the polyoxyethylene non-ionic surfactant attaches to the interface, basic ether linkage induces H+ ion adsorption at low pH as proposed by Yoon. (8) But, polyoxyethylene alkyl ether with 10 or 23 EO groups is negatively charged at low pH in zeta potential of nano-bubbles. 

Summary

Nano-bubbles are generated by ultrasonication using palladium electrode. Chemical potentials, hydration energy of ion species and properties of bubble interface created by surfactant adsorption have been known as the factors affecting the bubble charge. This study has shown that the chemical properties of functional group in the head group of non-ionic surfactants are also an important factor for charging as well as the polarity of non-ionic surfactants consisting of bubble interface.
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