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You can't approach the subject of capillary electrophoresis without immediately running into something called EOF or Electro Osmotic Flow. EOF is a potent force in CE, and an explanation of exactly how it happens is a bit complex. Fortunately, it is quite possible to be successful with capillary electrophoresis without understanding the theory behind it -- it you can understand how to control it. It is much like driving a car; you can get from here to there and back without understanding everything that goes on under the hood. 

Here are the basic concepts. 

· EOF is a process that moves fluid from one end of a capillary tube to another. That is, a capillary tube can act as a pump (under the right conditions). 

· The right conditions include an electrical field, charged particles that are free to move in solution, and fixed charges on the wall of the capillary. 

· The pumping action is driven from the wall of the capillary. The velocity of flow drops dramatically as distance from the wall increases. This is why the phenomenon is mostly exploited in capillary tubes, where the distance from the wall to the middle of the capillary is small. 

The fluid we are most commonly pumping through the capillary is water. Pure distilled water does not move, however. The water must contained charged particles (ions). These ions do not exist free in solution. They are surrounded by what is called a "hydration shell" of water molecules. It is the water molecules in the hydration shell of the ions that is moved along. Were it as simple as the above statement implies, there would be no movement. For every positive charge in solution there is a negative charge. Both the positive and negative charges carry water in their shells, but move in opposite directions in the electrical field. Any movement in one direction would be more-or-less balanced out by movement in the opposite direction, as the charged particles each sought a region of opposite charge. 

The charge on the inner surface of the capillary wall is the key. It can be shown by experiment that the direction of flow is always TOWARD the electrode with the SAME charge as the wall of the capillary. The velocity of the flow increases as the charge on the wall increases. In a capillary with an uncharged (neutral) wall, flow does not occur. Table 1 describes the effects of various system changes on EOF. 

	· Fluid driven by EOF will move toward the electrode that has the same charge as the wall of the capillary. 

· EOF depends on the capillary wall charge; anything that decreases that charge will decrease EOF. High concentration buffers will both decrease wall charge and EOF. The flow can be shown to decrease as the square root of the buffer concentration. 

· EOF decreases as viscosity increases. This is simply because it is harder to pump a thick liquid than it is to pump a thinner one. The increase in EOF than accompanies an increase in temperature is largely because of viscosity effects. 

	Table 1: Rules to flow by 


The addition of organics such as methanol or acetonitrile to a CE buffer will decrease the surface charge and should decrease EOF. The effect on flow can be complex, however, as these organics change viscosity as well as charge, and often affect viscosity in a complex manner. A 50-50 mixture of methanol and water will have a viscosity that is higher than either pure water or pure methanol. Mixtures of acetonitrile and water, on the other hand, have a viscosity that is intermediate between that of the pure solvents. EOF can occur in completely non-aqueous systems; the velocity is usually low, but it can be significant. 

The inner surface of a bare silica capillary is a weak acid with a pKa around pH=6.25. EOF decreases below this point, and increases above this point, in a pattern that looks like a titration curve. (See Figure 1) 

EOF never goes to zero (although it can become so slow that it is negligible) because the charge on the wall of the capillary can never be fully eliminated. EOF can even be demonstrated in a buffer filled TeflonÔ tube, because ions will adsorb to the inner surface of the tube. 

In particle-filled capillaries like those used in capillary electrochromatography, the surface of each particle contributes to the EOF. The surface area of the particles may be so much greater than the inner surface area of the capillary that the effect of the inner surface becomes negligible. Surprisingly high flow rates are possible. 
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	Figure 1: EOF and theoretical titration curve compared.  


EOF differs from pressure driven flow. When pressure is applied at one end of a fluid filled tube, fluid will begin to move through the tube. There is friction between the moving column of fluid and the wall of the tube. Because of this friction, the velocity of pressure driven flow is greatest at the center of the tube, and slowest at the walls. This is known as Parabolic or Laminar flow (Figure 2). By contrast, EOF is driven from the wall of the tube. The fluid is being driven from the region where the maximum flow resistance is expected. The result is called Plug Flow. The flow velocity is essentially constant across the diameter of the tube. 
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	Figure 2: Comparison of pressure driven flow and EOF. 


Plug flow creates less mixing and band spreading than does laminar flow. Band spreading is a process that degrades a separation technique, resulting in a blurring of the results. Plug flow is one of the effects that makes CE such a high resolution separation technique. 

Because EOF is driven from the walls of the tube, it would seem that a reversed parabola would be the resulting flow profile instead of the flat profile that is illustrated in Figure 2. It is true that the force that drives EOF falls off rapidly as distance from the wall increases. The flow will be sharpest in narrow capillaries, but essentially flat flow profiles are possible in capillaries up to at least 100 micrometers diameter; this has been demonstrated by experiment. 

A more technical approach 

The velocity of the electroosmotic flow through a capillary is given by the Smoluchowski equation:
	veof=-(ez/4ph)E 
	Equation 1 


In this equation, e is the dielectric constant of the electrolyte, z is the zeta potential (Volts), h is the viscosity (Poise), and E is the potential applied (Volts/cm). In CE the zeta potential (z) is a measure of the charge on the wall of the capillary. This charge arises from both the nature of the material that composes the capillary and the composition of the electrolyte (buffer). The most commonly employed capillary material is fused silica. The surface of a fused silica capillary can be hydrolyzed to yield a negatively charged surface. The negatively charged wall attracts cations from the electrolyte solution creating an electrical double layer. These cations are hydrated. In an electrical field they migrate toward the cathode, pulling water along and creating a pumping action. The zeta potential increases with the density of the charge on the surface. For fused silica and many other materials charge density will vary with pH. Bare fused silica behaves much like a weak acid with a pKa of 6.25. The relationship between EOF and pH is shown in Figure 3. EOF also decreases with the square root of the concentration of the electrolyte, i.e., increasing buffer concentration decreases the velocity of EOF. While the above discussion has focused on bare fused silica capillaries, other surfaces can be created chemically. The new surface may be positive, negative, or neutral. The direction of the electroosmotic flow will depend on the sign of the charge on the wall of the capillary. Flow is always toward the electrode that has the same charge as the capillary wall. Thus an uncharged wall will have, in theory, no EOF. In reality this is difficult to accomplish. 

Capillary electrochromatography and capillary electrochromatography - mass spectrometry for the analysis of DNA adduct mixtures

Capillary electrochromatography (CEC) is an emerging technique that can be applied to the separation of neutral compound mixtures and provides a versatile alternative to micellar electrokinetic chromatography. In this paper, CEC is applied to the separation of polycyclic aromatic hydrocarbons (PAHs) and in vitro reaction products of PAH deoxynucleoside adducts. Some unique features related to CEC, such as convenience of stopping the flow, nanoliter flow rate, and low sample consumption, are discussed. On-column focusing in CEC can be conducted by introducing the analytes in a solution of lower solvent strength followed by elution with a stronger mobile phase, in a manner analogous to that used in normal HPLC (e.g., a 10-fold preconcentration factor can be readily achieved). Coupling of CEC to mass spectrometry for the detection of a relatively dilute DNA adduct mixture solution (10{sup -6}M) using the on-column focusing method is also productive.
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2D Electrophoresis
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2-D Conversion Kits
[image: image8.png]



2-D Gel Electrophoresis Systems 
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2-D Sample Preparation
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2-D System Accessories
[image: image11.png]



Dedicated IEF Systems
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Preparative 2-D Electrophoresis Systems
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Electroelution
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Electroelution Systems
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Elution System Accessories
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Electrophoresis Accessories
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Handcast Gel Accessories
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Horizontal Electrophoresis Accessories
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Miscellaneous Electrophoresis Accessories
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Preparative Electrophoresis System Accessories
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Vertical Electrophoresis Accessories
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Electrophoresis Cleaning Solutions
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Electrophoresis Systems
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2D Electrophoresis
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Capillary Electrophoresis
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Horizontal Electrophoresis Systems
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Lipoprotein Electrophoresis Systems
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Peptide Mapping Systems
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Pulse Field Electrophoresis Systems
[image: image34.png]



Vertical Electrophoresis Systems
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Gel Documentation
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Gel Documentation Systems
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Imaging Software
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Imaging System Accessories
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Laser-Based Fluorescence Imaging
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Multi-Use CCD Imaging Systems
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Gel Drying Equipment

[image: image44.png]



Gel Dryer Accessories
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Gel Dryers
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Gel Drying Frames
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Gradient Makers
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Power Supplies
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Transilluminators
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Dual Wavelength Transilluminators
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Handheld Transilluminators
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Multi-Wavelength Transilluminators
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Single Wavelength Transilluminators
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White Light Transilluminators
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Electrochromatography:

Electrochromatography (CEC) is a new and exciting hybrid separation micro-technique that seeks to exploit the combined advantages of both capillary electrophoresis (high efficiencies) and HPLC (mobile and stationary phase selectivity). It is an analytical technique with tremendous potential, especially in the pharmaceutical and biomedical fields. 

This technique combines two complementary separation mechanisms: chromatography and electrophoresis. In chromatography, separation is accomplished by the relative distribution of each analyte between two phases: a liquid phase (known as the mobile phase) and a solid phase (called the stationary phase). Typically the stationary phase is packed into a column, and then the mobile phase is pumped through the column in a technique called high performance liquid chromatography (HPLC). 

In capillary electrophoresis, analytes are placed in an electric field and separation is due to differences in the charge and the size of the analyte ions as these migrate at speeds dependent on their mobility. These separations are usually performed in narrow bore fused silica capillaries.

Chromatography and electrophoresis are combined into electrochromatography by adding a stationary phase to a CE system. 

Goals for Research into Electrochromatography:

CBAR scientists are devising the synthesis of and applications for novel stationary phases for use in CEC. The most commonly used stationary phase in CEC today is reversed phase silica (C-18), which was initially developed for HPLC, not for CEC. Hence the stationary phase does not perform optimally under CEC conditions. That's why there is a need to develop stationary phases that answer the needs of CEC. 

These newly designed stationary phases that would be specifically for CEC would either be polymeric, silica-based or a hybrid type where in silica phases are modified with polymers. These phases would be used for the separation of basic pharmaceutical compounds (small molecules) as well as basic peptides and proteins. 

Most of the drug molecules available today are basic in nature, and therefore are difficult to analyze by CEC. The main reason for this difficulty is that the molecules are positively charged at the pH of separation (typically between 4-8) and interact strongly with the negatively charged silica phases used traditionally for CEC separations. The difference in charges leads to tailing and asymmetric peaks. To overcome this problem CBAR researchers decided to synthesize positively charged stationary phases for these separations. This would overcome the problem of interaction between the stationary phase and the analyte and would improve the peak shape. 

Another area of application is in the separation of basic peptides and proteins. The advantage here for using positively charged phases is the same as that for basic pharmaceuticals in overcoming tailing and asymmetric peaks. Also, the speed of separation can be quite high when using electrochromatography compared to LC and if CEC was interfaced with a mass spectrometer, high throughput separations could be achieved. 

New Developments with Electrochromatrography

So far CBAR scientists synthesized positively charged polymeric stationary phases in the form of monoliths inside the capillary and have tested it for separation of basic pharmaceuticals. Separation of a model basic mixture (Amitriptyline, diphenhydramine, nortriptyline) along with thiourea as EOF marker was obtained at pH 2 and pH 7. These results are still preliminary and optimization is underway with new monomers and different modifications of the capillary wall. A poster entitled CEC of Basic Pharmaceuticals using Positively Charged Polymeric Stationary Phases that discussed these results was presented at the 12th International Symposium on Pharmaceutical and Biomedical Analysis May 13-16, 2001 in Monterey, CA

Current Events:  

Capillary Electrophoresis and Capillary Electrochromatography in the news

Factors Affecting Quantitative Analysis in Laser Desorption/Laser Ionization Mass Spectrometry 
Abstract:
Microprobe laser desorption/laser ionization mass spectrometry ([image: image59.png]A



L2MS) is a sensitive and selective technique that has proven useful in the qualitative and semiquantitative detection of trace organic compounds, particularly polycyclic aromatic hydrocarbons (PAHs). Recent efforts have focused on developing [image: image60.png]A



L2MS as a quantitative method, often by measuring the ratio of signal strength of an analyte to an internal standard. Here, we present evidence of factors that affect these ratios and thus create uncertainty and irreproducibility in quantification. The power and wavelength of the desorption laser, the delay time between the desorption and ionization steps, the power of the ionization laser, and the ionization laser alignment are all shown to change PAH ratios, in some cases by up to a factor of 24. Although changes in the desorption laser parameters and the delay time cause the largest effects, the ionization laser power and alignment are the most difficult parameters to control and thus provide the most practical limitations for quantitative [image: image61.png]A



L2MS. Variation in ratios is seen in both synthetic poly(vinyl chloride) membranes and in "real-life" samples of Murchison meteorite powder. Ratios between similar PAHs vary less than those between PAHs that differ greatly in mass and structure. This finding indicates that multiple internal standards may be needed for quantification of samples containing diverse PAHs. 
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