HPLC

HPLC is an acronym for High Pressure Liquid Chromatography or High Performance Liquid Chromatography.  HPLC is very similar to other types of chromatography (paper, thin layer, or gas) in that it is a separation technique and can be used for both quantitative and qualitative analysis of a mixture.

This instrument consists of six main parts: the mobile phase, pump, sample injector, column (containing the stationary phase), detector, and recorder (an integrator).  In HPLC, the liquid solvent (mobile phase) is mechanically pumped across the stationary phase under several thousand PSI of pressure.  Individual components or molecules are separated based on their differential interaction with the stationary phase.  After being separated, the components pass through a detector which sends a signal to the integrator.
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Two types of HPLC are normal phase and the more common reverse phase.  For normal phase LC, the stationary phase is polar and the mobile phase is non-polar.  Reverse phase LC is opposite of normal phase:  the stationary phase is non-polar and the mobile phase is polar.

One of the most common stationary phases used in reverse phase HPLC is known as  C18.  This type of column packing consists of octadecylsilane (C18H37) chemically bonded to silica (SiO2).  The silica media consists of  rigid beads (less than 20um in diameter) which are able to withstand high flow rates and high pressures.  Due to their highly porous nature, silica particles have enormously large surface areas.  The surface area in 1 gram of silica is typically 400m2.

While the silica backing is important for support and surface area, the actual chemistry occurs between the C18H37 chains and the sample.  These long organic chains interact more strongly with solutes that prefer the organic phase ("like dissolves like").  Therefore, when a mixture of substances is injected into the reverse phase HPLC, the more non-polar, (organic) substances will interact with the column packing while the more polar (water like) substances will flow through with the polar mobile phase.  The end result is that more polar substances will elute from the column first and the more non-polar substances will elute last.  Even the slightest differences in polarity will allow for substances to be separated.

While the stationary phase is fixed, the mobile phase can be altered to allow for better separation of the mixture.  In solvent terminology, a strong solvent is non-polar (organic) and a weak solvent is polar (water).  Some commonly used strong solvents (from weak to strongest) are methanol, acetonitrile, and tetrahydrofuran.  By combining these with one another or other solvents, a mobile phase of practically any polarity can be formed.  

Mobile phase solvents used in HPLC are always ultra-pure and are labeled "HPLC grade."  These solvents are much more expensive than other grade counterparts, often costing $40 - $60 per gallon for substances such as water or methanol.  Also, because of the nature of the high pressure system, these mobile phases must always be de-gassed to prevent gas bubbles from interfering with the separation.

HPLC systems vary from rather inexpensive systems ($5,000) to systems costing $50,000 or more depending on the separations to be performed.  The most simple instruments are isocratic (running one mobile phase mixture at a time), have a set sample size (20(L), and have a single detector (an ultraviolet sensor fixed at 254 nm, for example).  More expensive systems will run gradients, which means they vary the mobile phase concentration of time (ie. 10% water / 90% methanol to 50% water / 50% methanol over 20 minutes).  These more expensive systems may also have a variety of detectors. 

HPLC is an extremely powerful technique which is used in industry and research to analyze drugs, proteins, polymers, and food elements among other compounds.  Identifications made on the HPLC can be to the part per million (ppm) or even part per billion (ppb) level.  Because of this, the HPLC is one of the most sensitive identification techniques that a chemist can use. 
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