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THE USE OF ROTATING COLUMNS AND DEVICES 
IN ANALYTICAL CHEMISTRY

Boris Ya. Spivakov, Tatiana A. Maryutina, Petr S. Fedotov

Vernadsky Institute of Geochemistry and Analytical Chemistry, 
Russian Academy of Sciences, Moscow, Russia,
 spivakov@geokhi.ru
Rotating coiled columns (RCC) and cartridges of special design are mainly applied to the separation of bioorganic, organic and inorganic substances by countercurrent chromatography (CCC). The method is based on the retention of one phase (stationary) of a two-phase liquid system in a rotating device without solid support under the action of centrifugal forces while the other liquid phase (mobile) is being continuously pumped through. Solutes are subjected to a partition process between two phases and eluted in order of their partition coefficients. The first part of our review focuses on the advantages and limitations of a support-free stationary phase and addresses the chromatographic theory and applications of CCC. Due to the high loading capacity and the ability to use many well-known two-phase solvent systems, CCC has become a method of choice in natural products chemistry and has made possible the separation of a number of substances that are difficult or impossible to separate by other techniques in some samples. The reported applications of CCC in analytical chemistry and comparison with other separation and enrichment methods show that the technique can be successfully used for the separation of biochemicals and pharmaceuticals, for the separation of alkaloids from medical herbs, in food analysis, etc. 

CCC has a great potential as a pre-concentration and/or pre-separation technique for various trace and ultratrace elements before their instrumental determination. CCC methods for extraction of trace rare elements from digested geological samples have been developed in our laboratory, two-phase liquid systems with different solvents and extracting reagents being used. The applicability of CCC to the purification and analysis of salt solutions was demonstrated. A novel approach to the pre-concentration and determination of trace elements in crude oils and oil products was also proposed. This is only one of many examples showing an important advantage of CCC. Crude samples of viscous liquids, suspensions, polymer solutions, etc. that may plug LC columns, adsorption enrichment cartridges, and filters, can be directly injected into RCC, without a risk to plug the column. 

Recently, it has been evaluated that RCC can be used for the separation of both solutes and particles not only in liquid-liquid systems but in liquid-solid-liquid and liquid-solid systems as well. The use of a particulate suspended matter as the stationary phase has offered a series of unconventional promising applications of RCC in the analysis of environmental samples. An effective method for the direct recovery of polycyclic aromatic hydrocarbons from soils has been proposed. A continuous-flow method has been also developed that enables not only the fast and efficient fractionation of trace elements (TE) species in soils and sediments to be achieved but allows kinetic studies on the mobilization of TE in different forms to be made. 

RCC can be also used in a quite new field: for the fractionation of nano and microparticles. The centrifugal forces acting on RCC provide different migration speeds of the suspended sample (silica particles, clay minerals, soils, etc.) components in one carrier fluid (mobile phase). 
The developed methods can be further applied to the analysis of complex multi-component biological, technological, and environmental samples.
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